From Midden to Sieve: The Impact of Differential Recovery and Quantification Techniques on Interpretations of Shellfish Remains in Australian Coastal Archaeology by Jenkins, Robyn
 
 
From Midden to Sieve: 
 
The Impact of Differential Recovery and 
Quantification Techniques on 
Interpretations of Shellfish Remains in 
Australian Coastal Archaeology 
 
 
 
 
 
 
 
 
 
 
 
 
Robyn A. Jenkins 
 
 
 
 
A thesis submitted in partial fulfilment 
of the requirements for the degree of 
Bachelor of Social Science with Honours in the 
School of Social Science, University of Queensland 
 
 
October 2006 
 
 
ii 
 
 
 
iii 
 
 
I declare that the work presented in this thesis is the result of my own independent 
research, except where otherwise acknowledged in the reference list. This material has 
not been submitted either in whole or in part, for a degree at this or any other university. 
 
 
 
 
 
Robyn A. Jenkins 
        October 2006 
        Brisbane, Australia 
 
 
 
 
 
 
I certify that I have read the final draft of this thesis and it is ready for submission in 
accordance with the thesis requirements as set out in the School of Social Science 
policy documents. 
 
 
 
 
 
Dr Sean Ulm       Dr Jon Prangnell 
October 2006       October 2006 
Brisbane, Australia      Brisbane, Australia 
 
iv 
 
 
 
v 
TABLE OF CONTENTS 
 
LIST OF TABLES         vii 
LIST OF FIGURES         ix 
ACKNOWLEDGEMENTS        xi 
ABSTRACT          xiii 
 
CHAPTER 1: INTRODUCTION 
Introduction          1 
Research Questions and Aims       1 
Background and Rationale        2 
Research Design         3 
Thesis Outline          4 
 
CHAPTER 2: SHELLS, SIEVING AND QUANTIFICATION 
Introduction          7 
Shell in Australian Coastal Archaeology      7 
Recovery and Quantification in Australian Coastal Archaeology   9 
Archaeological Studies of Recovery Methods     11 
 Vertebrate Remains        12 
 Shellfish Remains                              14 
Archaeological Studies of Quantification Methods     16 
Shell Structure, Fragmentation and Taphonomy     19 
Implications for this Research       23 
Summary          24 
 
CHAPTER 3: METHODS AND MATERIALS 
Introduction          25 
Experimental Approach        25 
Sample Selection         25 
 Seven Mile Creek Mound       27 
 Sandstone Point        27 
 One-Tree         28 
Taxa Selection         28 
Sample Size and Sieving Methods       30 
 Sample Size Selection       30 
 Quartering         30 
 Test Sieving         31 
Identification and Quantification       31 
 MNI          31 
 NISP          34 
 Weight         34 
 
 
vi 
Data Processing and Statistical Analysis      34 
Summary          35 
 
CHAPTER 4: RESULTS 
Introduction          37 
Comparability of Samples        37 
Individual Taxa Results        38 
 Anadara trapezia (Family Arcidae)      38 
 Trichomya hirsutus (Family Mytilidae)     39 
 Saccostrea glomerata (Family Ostreidae)     40 
 Pyrazus ebeninus (Family Batillariidae)                41 
 Donax deltoides (Family Donacidae)      42 
Inter-Taxa Comparison        43 
 Recovery Methods        43 
 Quantification Methods       45 
 Shellfish Structure        45 
Summary          47 
 
CHAPTER 5: DISCUSSION AND CONCLUSIONS 
Introduction          49 
Key Findings          49 
Methods of Taxa Recovery        49 
Methods of Shellfish Analysis       50 
Variation in Shellfish Structure       51 
Implications for Key Debates        52 
Directions for Future Research       52 
Conclusion          53 
 
REFERENCES         55 
 
Appendix A: Recovery and Quantification Methods Employed at Selected  
Australian Shell-Bearing Sites      65 
 
Appendix B: Key Gastropod Taxa Recovered from Selected Australian Shell- 
Bearing Sites        66 
 
Appendix C: Key Bivalve Taxa Recovered from Selected Australian Shell- 
Bearing Sites        67 
 
Appendix D: Summary of Repeated Measures Analysis of Variance (ANOVA) 
Results (shaded cells indicate statistically significant difference) 68 
 
Appendix E: Rank Order of Species from Sandstone Point and Seven Mile Creek 
Mound         69 
 
vii 
LIST OF TABLES 
Table 2.1 Percentage of shell recovered according to species and mesh size 
(based on weight). Note that owing to rounding, not all totals equal 
100 (Muckle 1994:130). 15
  
Table 3.1 Summary of samples. 28
  
Table 3.2 Description of taxa selected for analysis (after Beesley et al. 1998; 
Jansen 1996; Lamprell and Healy 1998; Lamprell and Whitehead 
1992; Ulm 2004; Wilson 2002; Wilson and Gillett 1979). 29
  
Table 4.1 Repeated Measures Analysis of Variance (ANOVA) test of between- 
site factors using the four target taxa from SMCM and SSP (shaded 
cells indicate statistically significant difference). 37
  
Table 4.2 Calculation of the fragmentation rate per 100g (total NISP divided by 
the total weight, multiplied by 100). 37
  
Table 4.3 Summary of A. trapezia recovery rates per sieve fraction, Seven Mile 
Creek Mound and Sandstone Point (16 samples). Note cumulative 
totals. 38
  
Table 4.4 A. trapezia Repeated Measures ANOVA results (shaded cells indicate 
statistically significant difference). 38
  
Table 4.5 Summary of T. hirsutus recovery rates per sieve fraction, Seven Mile 
Creek Mound and Sandstone Point (16 samples). Note cumulative 
totals. 39
  
Table 4.6 T. hirsutus Repeated Measures ANOVA results (shaded cells indicate 
statistically significant difference). 39
  
Table 4.7 Summary of S. glomerata recovery rates per sieve fraction, Seven 
Mile Creek Mound and Sandstone Point (16 samples). Note 
cumulative totals. 40
  
Table 4.8 S. glomerata Repeated Measures ANOVA results (shaded cells 
indicate statistically significant difference). 40
  
Table 4.9 Summary of P. ebeninus recovery rates per sieve fraction from Seven 
Mile Creek Mound and Sandstone Point (16 samples). Note 
cumulative totals. 41
  
Table 4.10 P. ebeninus Repeated Measures ANOVA results (shaded cells indicate 
statistically significant difference). 41
  
Table 4.11 Summary of D. deltoides recovery rates per sieve fraction from One-
Tree (4 samples). Note cumulative totals. 42
  
 
viii 
Table 4.12 D. deltoides Repeated Measures ANOVA results (shaded cells 
indicate statistically significant difference). 42
  
Table 4.13 Percentage of shell recovered by taxon, sieve fraction and abundance 
measure (shaded cells indicate <75% accounted by abundance 
measure). 43
 
 
ix 
LIST OF FIGURES 
 
Figure 2.1 Summary of recovery methods employed at selected Australian shell-
bearing sites (Appendix A). 10
  
Figure 2.2 Simplified classification of breakage patterns of three species 
characterised by strong variability. Fracture types (a-f in Anadara and 
Mercenaria, a-c in Mytilus) presented in order of their abundance. Dot 
= point of loading. Solid Line = obligatory fracture for specific 
breakage type. Dashed line = optional fracture for specific breakage 
type. (A) Anadara ovalis (N = 336): Fractures typically radiated from 
the point of loading; most fracture patterns included a broken dorsal 
shell margin and are combinations of two or more fractures. Fracture 
type a typically occurred among drilled valves and fracture type f is 
restricted to ground valves. (B) Mercenaria mercenaria (N = 150): All 
fractures extended from the point of loading; most fracture patterns 
included a broken dorsal shell margin and are combinations of two or 
more fractures. (C) Mytilus edulis (N = 162): Nearly all fracture 
patterns consist of one fracture only; most occurred across the valves 
and did not radiate from the point of loading (type a) (Zuschin and 
Stanton 2001:166). 21
  
Figure 3.1 Location (triangles) of the three sites sampled in southeast Queensland 
(Photographs: (top) Sean Ulm; (centre and bottom) Jay Hall). 26
  
Figure 3.2 Gastropod terminology (after Claassen 1998:19). 32
  
Figure 3.3 Bivalve terminology (note location of the umbo on the dorsal margin) 
(after Claassen 1998:21; Hedley 1904). 33
   
Figure 3.4 Bivalve terminology (note difference between left and right valves) 
(after Claassen 1998:21; Hedley 1904). 33
  
Figure 4.1 Anadara trapezia (Ulm in press:Figure 2.7). 38
  
Figure 4.2 Trichomya hirsutus (Lamprell and Healy 1998:81). 39
  
Figure 4.3 Saccostrea glomerata (Photograph: Antje Noll). 40
  
Figure 4.4 Pyrazus ebeninus (Wilson 2002:102). 41
  
Figure 4.5 Donax deltoides (Beesley et al. 1998:Plate 15). 42
  
Figure 4.6 Total MNI of individual taxa per sieve size across all sites. 44
  
Figure 4.7 Total weight of individual taxa per sieve size across all sites. 44
  
Figure 4.8 Total NISP of individual taxa per sieve size across all sites. 44
  
 
x 
Figure 4.9 Percentage of MNI recovered in each sieve size across all sites. 46
  
Figure 4.10 Percentage of weight recovered in each sieve size across all sites. 46
  
Figure 4.11 Percentage of NISP recovered in each sieve size across all sites. 46
 
 
 
 
 
 
 
 
 
xi 
ACKNOWLEDGEMENTS 
 
I would like to thank my supervisors Dr Sean Ulm and Dr Jon Prangnell. Sean thank-
you for your knowledge, support, friendship and time dedicated to helping with my 
research. And Jon, I appreciate your added assistance and advice with revisions and 
some tricky statistics. I also thank the traditional owners, Dr Sean Ulm and Associate 
Professor Jay Hall for access to the shellfish material used in this thesis. Dr Michele 
Haynes and Dr Nicole Bordes provided valuable assistance in recommending methods 
of data analysis. The Aboriginal and Torres Strait Islander Studies Unit provided 
laboratory facilities and material. Dr Jenny Kahn, Tam Smith and Antje Noll, thank-you 
for your revisions from a different perspective.  
 
For volunteering in the laboratory I sincerely thank Merilyn Ballard, Joann Bowman, 
Natalya Epichev, Renee Gardiner, Ryan Harricks, Michelle Langley, Jenna Lamb, 
Dominique Lusis, Jenny Newton, Antje Noll, Jill Reid, Carly Smith, Dany Williams and 
Nathan Woolford. Thanks also to Sean’s and Jon’s postgraduate groups, especially, 
Antje Noll, Michelle Langley, Dan Rosendahl, Karen Murphy, Steve Nichols, Geraldine 
Mate, Sue Nugent, Cameo Dalley, Bettyann Doyle, Rosemary Knight, Lauren Jones, 
Emma Rae, Clair Harris, Cass Venn and Joann Bowman. Thank-you for the stimulating 
conversations and the reassurance that this was a process worth going through. Your 
friendships have been invaluable. I would also like to thank those close friends (you 
know who you are) many of whom I have sadly neglected through this busy process. 
We have lots of catching up to do!  
 
Finally, for their support over the last few years I must thank my family, especially my 
parents Robert and Carolyn for their unwavering love and support. Without you I could 
never have achieved all that I have, you are the one constant in my life that I can count 
on to never let me down. Thank-you. 
 
xii 
 
 
xiii 
ABSTRACT 
 
Experimental mechanical sieving methods are applied to samples of shellfish remains 
from three sites in southeast Queensland, Seven Mile Creek Mound, Sandstone Point 
and One-Tree, to test the efficacy of various recovery and quantification procedures 
commonly applied to shellfish assemblages in Australia. There has been considerable 
debate regarding the most appropriate sieve sizes and quantification methods that 
should be applied in the recovery of vertebrate faunal remains. Few studies, however, 
have addressed the impact of recovery and quantification methods on the interpretation 
of invertebrates, specifically shellfish remains.  
 
In this study, five shellfish taxa representing four bivalves (Anadara trapezia, 
Trichomya hirsutus, Saccostrea glomerata, Donax deltoides) and one gastropod 
(Pyrazus ebeninus) common in eastern Australian midden assemblages are sieved 
through 10mm, 6.3mm and 3.15mm mesh. Results are quantified using MNI, NISP and 
weight. Analyses indicate that different structural properties and pre- and post-
depositional factors affect recovery rates. Fragile taxa (T. hirsutus) or those with 
foliated structure (S. glomerata) tend to be overrepresented by NISP measures in 
smaller sieve fractions, while more robust taxa (A. trapezia and P. ebeninus) tend to be 
overrepresented by weight measures. Results demonstrate that for all quantification 
methods tested a 3mm sieve should be used on all sites to allow for regional 
comparability and to effectively collect all available information about the shellfish 
remains. 
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CHAPTER 1: INTRODUCTION 
 
Introduction 
In this thesis I examine the impact of differential recovery and quantification on the 
analysis of shellfish remains from three southeast Queensland coastal sites. Over the last 
three decades hundreds of archaeological sites containing shellfish remains have been 
excavated around the Australian coast (see Bonhomme and Buzer 1994; Fresløv and 
Frankel 1999; Ulm and Reid 2000). There has been little consideration, however, of the 
impact that sieve size may have on the recovery, analysis and interpretation of shellfish 
remains. Although numerous studies have been conducted on the relationship between 
sieve size and the recovery of vertebrate remains, including three Australian examples, 
shell has been largely overlooked, despite comprising the majority of cultural materials 
recovered from coastal sites. Studies on the recovery of vertebrate remains have 
demonstrated that only when smaller sieve sizes are used can the most reliable data be 
gathered as the basis for more accurate interpretations of past human behaviours. This 
thesis represents one of the few studies to examine the effect that sieve size has on the 
recovery of shellfish remains in terms of broader archaeological recovery and 
quantification techniques. It is argued that only when the biases of recovery methods are 
understood can the sampling of a shell-bearing site, quantification of its components 
and the interpretation of the data contribute meaningfully to broader understandings of 
past cultural behaviour and environmental change. 
 
Research Questions and Aims 
This research assesses the impact of differential recovery and quantification techniques 
on the interpretation and analysis of shellfish remains in Australia. The aim of the 
research is to understand how the choice of recovery and analysis techniques may bias 
the interpretation of certain species of shell commonly recovered from Australian 
archaeological shell deposits. The specific goals of this research are: 
 
• to investigate the impact that sieve size has on the recovery of different taxa of 
shellfish remains; 
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• to examine the inter-specific relationship between sieve size and standard 
quantification methods (e.g. minimum number of individuals (MNI), number of 
individual specimens (NISP), weight etc); and 
• to recommend standard recovery methods to ensure consistency in the recovery 
and analysis procedures used in Australian coastal archaeology. 
  
Background and Rationale 
This study was undertaken in response to three main considerations. First, there is no 
standard for the recovery of shell or any detailed critique of the recovery and 
quantification methods used in Australian archaeology for the analysis of shell. 
Increased confidence in the representativeness of recovered shellfish remains is 
essential to key debates in Australian coastal archaeology, where shellfish have been 
used in arguments including predation pressure, intensification, changing settlement and 
subsistence patterns, environmental change and social organisation. As there are 
numerous studies conducted on shell middens, there is an urgent need to validate 
current techniques employed in recovering data from shell deposits. A review of 31 
coastal sites around Australia found that nine different sieve sizes were used (ranging 
from 1mm to 12mm) and four common measures of quantification were used (MNI, 
NISP, weights and meat weights) (Appendix A). There is also a distinct difference 
between sieve size and quantification methods used in the field and what is actually 
analysed in the laboratory. Sieve size and quantification methods are linked; therefore, it 
was considered important to assess the biases that may exist in both of these 
components of archaeological analysis. These factors limit the ability of researchers to 
compare studies on a local and regional scale as there is a significant difference between 
what is recovered in a 1mm sieve compared to a 12mm sieve. 
 
Second, there are numerous studies on biases in the recovery of vertebrate remains and 
methods suggested for the effective recovery of this material. In Australia, three studies 
(Ross and Duffy 2000; Vale and Gargett 2002; Walters 1979) have analysed the 
relationship between the recovery of fish bone and sieve size, with all concluding that 
the most effective recovery method is the use of smaller mesh sizes. However, in the 
process of recovering these fish remains, the majority of the material collected would 
have been shellfish remains. It is this shell material which is often studied, analysed and 
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published in relation to Australian coastal sites; however, there has been no research 
published on the recovery methods for shell in Australia. Muckle’s (1985, 1994) 
research on bivalve taphonomy and recovery in Canada and Peacock’s (2000) research 
on freshwater mollusc recovery in the United States identified significant biases in the 
recovery of certain taxa of shellfish. In general, however, these issues seem to have 
been largely overlooked in Australia and little consideration has been given to the 
possible biases which affect the interpretations which can be made at a site. Site reports 
of shell-bearing deposits often state or imply that ‘standard archaeological techniques’ 
were employed, with limited justification for the use of specific methods over others. In 
most research, methods of shell recovery and quantification are simply not justified at 
all. 
 
Third, the Seven Mile Creek Mound, Sandstone Point and One-Tree are used as case 
studies in this research. All three form components of larger projects which have been 
conducted on the southern Curtis Coast and around Moreton Bay, Queensland. Both the 
Seven Mile Creek Mound and Sandstone Point contain four taxa (Anadara trapezia, 
Saccostrea glomerata, Trichomya hirsutus and Pyrazus ebeninus) which are common in 
estuarine environments in northern and northeastern Australia. One-Tree contains a 
different suite of taxa, dominated by Donax deltoides, which is prolific on high-energy 
open beaches in southeast Queensland and northern New South Wales. Therefore, the 
results gained from this study will be applicable to the analysis of the shell component 
of a large percentage of Australian coastal sites. This study makes an original 
contribution in regards to understanding the biases which may exist in the recovery and 
analysis of shell material from a range of sites. 
 
Research Design 
The research consisted of five stages which applied methods adapted from the 
archaeological, geological, palaeoecological and zoological literature to develop an 
experimental design to test the impacts of differential recovery of shellfish remains in 
an Australian context: 
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1. Review of literature relating to Australian coastal archaeology and identification 
of key methodological issues concerning the impact of differential recovery and 
quantification on archaeological interpretations of shellfish remains.  
2. Analysis of the background to the excavations and recovery of material at the 
Seven Mile Creek Mound, Sandstone Point and One-Tree. 
3. Experimental mechanical sieving of the case study samples, including analysis 
and quantification of the sieve residues using NISP, MNI and weight. 
4. Analysis of the experimental data using statistical measures. 
5. Identification and discussion of the effects of recovery and quantification 
methods on the interpretation of the shellfish remains.  
 
Thesis Outline 
Chapter One has introduced the study, with a brief consideration of the theoretical 
context of the research, and an outline of the aims and research design of this study. 
 
In Chapter Two the theoretical framework of the thesis is explored and a critical review 
of the literature on recovery methods, quantification methods and shellfish structure is 
undertaken. This literature is discussed in terms of situating the study within the broader 
archaeological framework established through previous studies of recovery and 
quantification techniques. Methods used within the experimental literature are critiqued 
in relation to their application to the experiments undertaken in this study. 
Zooarchaeological literature is also incorporated to include consideration of biological 
and taphonomic factors. Key themes in Australian coastal archaeology, specifically 
cultural and environmental change through time, are discussed in terms of the potential 
for shellfish remains to contribute information towards improved understandings of 
Australia’s past. Methods recommended for use at coastal sites in Australian field 
archaeology handbooks are considered in relation to the methods actually used. This 
chapter also synthesises a range of Australian archaeological coastal studies and the 
sieving and quantification methods which have been adopted.  
 
Chapter Three presents and justifies the methods adopted for the study, including 
sampling, mechanical sieving and shell analysis. The methods employed in the field at 
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the three sites are briefly outlined in terms of the broader sampling issues related to the 
sites. Laboratory and statistical methods are detailed. 
 
Chapter Four presents the data gained from experiments on the recovery of shell. 
Results include a comparison of the inter-specific recovery rates of certain sieve sizes, 
differences between the quantification measures (number of individual specimens 
(NISP), minimum number of individuals (MNI) and weight) and a consideration of 
identification rates.  
 
Chapter Five discusses the results and the broader implications for further study. This 
final chapter concludes the thesis and summarises the main findings of the research. The 
thesis is reviewed in terms of the research aims and rationale, and directions for further 
research identified. 
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CHAPTER 2: SHELLS, SIEVING AND QUANTIFICATION 
 
Introduction 
There has been considerable debate in the archaeological literature regarding the most 
appropriate sieve sizes that should be used in the recovery of faunal remains. This forms 
part of a wider discourse on the impact of differential recovery and quantification 
techniques on the interpretation and analysis of archaeological materials. Few studies, 
however, have addressed the impact of recovery and quantification strategies on the 
interpretation of shellfish remains. Literature relevant to this debate is reviewed in four 
sections: Australian coastal archaeology; differential recovery; quantification techniques 
and shell structure; and fragmentation and taphonomy. It should be noted that the last 
three topics are inter-dependent and are only considered separately for the purpose of 
this discussion.  
 
Shell in Australian Coastal Archaeology 
Shellfish remains are the primary materials recovered from coastal middens, mounds 
and rockshelters in Australia. These deposits have the potential to provide important 
information about environmental and cultural change through time, including dietary 
information, relative chronology, palaeoenvironmental reconstruction, collection 
strategies, settlement patterns, site formation processes and social organisation 
(Claassen 1998:7-12). Three key issues that have been explored using the evidence from 
archaeological shellfish remains in Australia include predation pressure (Barker 1996), 
diet change (Barker 1996; McNiven 2006; Sullivan 1987) and the economic role of 
smaller shells (Rowland 1994).  
 
In Australian archaeological excavation and analysis there is a general bias towards 
either ignoring the presence of small shellfish species or using inappropriate methods to 
recover smaller shellfish remains. Small shellfish species, especially gastropods, have 
often been considered non-economic and therefore less important in shellfish analyses, 
however, Rowland (1994:120) documented widespread use of large numbers of 
shellfish smaller than 15mm. Rowland (1994:123) argued that ‘the importance of small 
shells in midden analysis may have been underestimated due to cultural and gender bias 
and to a tendency to depend on models of economic rationalism in archaeological 
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interpretations’. The role of shellfish collecting was performed by women and children 
to meet dietary requirements and by ignoring the small shells this may understate their 
role (Rowland 1994:122). Small shellfish may have been accessed for many different 
reasons including medicinal purposes, in times of seasonal, geographic or predation 
pressure or simply because they were easily available within the region (Rowland 
1994:122-123). The low number of small shells recorded from a site may also be a 
reflection of small sample size or inappropriate recovery techniques. Rowland (1994) 
argued that a lack of knowledge about traditional extraction methods, how shells enter 
sites and their importance to other ecological and behavioural information has resulted 
in a bias towards examining larger, more dominant shellfish remains. Conventional 
recovery techniques are not suited to the recovery of small shellfish taxa (see below) 
with the small taxa cited by Rowland (1994) unlikely to be recovered in commonly used 
6 or 10mm mesh. 
 
Larger shellfish remains have also been used to investigate predation pressure in the 
archaeological record through a measurable increase or decrease in shell size through 
time. Intensified predation of shellfish from one resource zone allows less time for 
growth, resulting in an overall decrease in shellfish size through time. At Nara Inlet 1 in 
the Whitsunday Islands, for example, Barker (1996) recorded a significant increase in 
the average shell size of Nerita undata from 27mm in excavation unit 29, to just under 
16mm in excavation unit 1 (Barker 1996:35). Barker (1996) argued this decrease in 
shell size was related to intensified predation pressure on marine resources over time 
which he associated with a range of changes to settlement, subsistence and technology 
(Barker 1989, 1996, 2004). In this case, the consistent application of small mesh sizes 
(3mm) across the region ensured comparability of data recovered from sites across the 
Whitsunday Islands region (see below).  
 
In other cases, changes in the diversity of shellfish assemblages have been used in 
arguments for intensification in the late Holocene (e.g. Barker 1996; McNiven 2006; 
Sullivan 1987). In an examination of 500 middens from New South Wales, Sullivan 
(1987) identified a recent major increase in the proportion of Mytilus edulis planulatus 
(edible mussel) which was considered to indicate cultural change, broadening of diet 
range, rather than environmental change. Sullivan (1987:97) argued that the change was 
widespread although variable; at some sites mussel became the most dominant species 
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in terms of midden volume but in other sites mussel was only a small component that 
did not decrease through time. Mackay and White (1987:107-109) had three main 
concerns with the interpretations made by Sullivan (1987): the size of the samples used 
to support these findings was not mentioned; the behaviour and environment of live 
mussel was not addressed; and if the change to mussel was a cultural preference why 
was it seen at only 20% of the sites? The increased presence of mussel may indicate a 
broadening of diet, however, the interpretations were hindered by sampling problems 
and limited understanding of the behaviour of shellfish. Indeed, the fragile mussel may 
have been present at a larger percentage of sites but the use of conventional recovery 
techniques (see below) on the fragmentary assemblages may have under-represented its 
presence.  
 
Investigations into Australian shellfish assemblages provide important interpretations of 
past cultural behaviours and environmental conditions. Research on predation pressure, 
diet change and the role of small shellfish remains can provide important insights into 
coastal life. However, if any interpretation is to be made at a regional level there needs 
to be a consistent approach to the recovery of shellfish remains. If any results from the 
excavation of shellfish remains are to be regarded with any certainty, then the effects of 
sampling techniques, recovery techniques, taphonomy and the behaviour of shellfish all 
need to be considered. 
 
Recovery and Quantification in Australian Coastal Archaeology 
A survey of 31 major excavations undertaken in Australia over the last 25 years 
demonstrates a lack of consistency in sieve size and quantification methods applied to 
shellfish remains. Results demonstrate that 10 different sieve sizes were used for the 
recovery of shellfish remains (1mm, 2mm, 3mm, 5mm, 6mm, 6.4mm, 7mm, 8mm, 
10mm and 12mm) (Figure 2.1, Appendix A). There is also a trend towards only 
analysing the material recovered from the larger sieve sizes, even where smaller sieve 
sizes were used in the field (Figure 2.1). Minimum number of individuals (MNI) and 
weight were predominantly used as the measure of abundance (only Ulm (2004) used 
number of individual specimens (NISP)). Veitch (1999:79) noted his reasons for not 
choosing NISP were that: ‘MNI and NISP values have been found to be strongly 
correlated’ and ‘given that molluscs have only a few commonly used identifiable 
 
10 
anatomical parts, the risks associated with “the affects of aggregation” will be minimal’. 
A small number of investigators used meat weight (Barker 2004; Bowdler 1984; 
Gaughwin and Brennan 1986; McNiven 1989).  
 
Figure 2.1 Summary of recovery methods employed at selected Australian shell-bearing sites (Appendix 
A). 
 
In Australian archaeology handbooks, Bowdler (1983, 2006) and Burke and Smith 
(2004) have recommended methods relating to the recovery and analysis of shellfish 
remains. Bowdler (1983:137) recognised that when conducting fieldwork the 
‘fundamental problem is, how to obtain an acceptable sample of objects (shells) which 
constitute a major part of the deposit’. Bowdler (1983:139) recommended that 1mm, 
3mm, 6mm and 12mm sieves be used in the field, however, she recently revised this to 
2mm and 5mm sieves (2006:324). Burke and Smith (2004:145) recommend the use of 
1mm, 2mm, 3mm, 4mm, 5mm and 10mm sieves for shellfish analysis, maintaining that 
‘2, 3, 4 or 10 millimetre’ sieves are standard, a statement at odds with the findings 
presented in Appendix A. In regards to the analysis of shellfish remains, Bowdler 
(1983, 2006) recommended that all the material recovered by the 3mm sieve should be 
sorted, whereas Burke and Smith (2004) recommend that only the 5mm sieve residue be 
sorted. This latter recommendation fails to recognise that some taphonomic factors such 
as differential fragmentation make certain fragile species and small gastropods barely 
visible in the larger sieve sizes, even if they represent a high proportion of the shellfish 
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remains at a site (see Muckle 1994). In terms of laboratory quantification methods, 
Bowdler (1983:140) recommended the use of both MNI and weight; however, ‘if time 
is at a premium, minimum numbers only are estimated, and … the weight method might 
be used in addition, if time is available’ (Bowdler 1983:140). The weight method was 
considered by Bowdler (1983, 2006) to provide less accurate information and to be 
more time consuming. In these handbooks there is an absence of supporting evidence 
cited to justify the use of the recommended techniques for the recovery and analysis of 
shellfish remains. Both recognise that the methods used affect the results and 
interpretations that can be made about a site, however, many different sieve sizes have 
been recommended. It is interesting to note that two decades ago Bowdler (1983:139) 
recognised a need for the ‘standardisation’ of the methods used in the analysis of 
shellfish remains, yet this has still not been accomplished or examined in Australian 
archaeology. Clearly there are no standard methods adopted in real world practice and 
the methods recommended in recent field handbooks do not correlate with the methods 
practiced in recent excavations of shellfish remains (Appendix A). 
 
There is no consistency in the recovery and quantification techniques applied in 
Australian archaeology. The application of different methods affects the levels of 
interpretation and limits the potential of regional comparisons. Bowdler (1983, 2006) 
and Burke and Smith (2004) offer suggestions on appropriate sieve sizes, however, their 
opinions are contradictory and there is no justification provided for the use of one 
method over another. Burke and Smith (2004) omit the 6mm sieve which is often used 
in conjunction with a 3mm at a large proportion of sites (Appendix A). When analysing 
any archaeological material it is important to justify the methods that are applied. The 
use of only larger sieve sizes (e.g. 10mm) potentially under-represents smaller species 
of shellfish that may have been more readily sourced and limits the potential for future 
studies of the material. Although there is a diversity of shellfish remains found in 
coastal sites there are enough similarities between key taxa for standards to be 
established. 
 
Archaeological Studies of Recovery Methods 
There is a wide body of literature which examines recovery and quantification methods 
in archaeology. These studies provide a basis for understanding biases in the methods 
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used. Investigations into differential recovery methods contribute towards 
understanding the relationship between faunal remains, taphonomy and archaeology. 
This area of enquiry is critical because, as a discipline, archaeology is dependent on the 
efficacy of recovery strategies. Archaeologists use sieves in the primary stages of the 
recovery of material from sites, yet there has been little consideration of the effect on 
data quality. As a result, previous experiments into differential recovery methods have 
had many limitations associated with the questions being asked and the materials being 
examined. 
 
Vertebrate Remains 
Many researchers (e.g. Barker 1975; Gordon 1993; James 1997; Ross and Duffy 2000; 
Shaffer 1992; Shaffer and Sanchez 1994; Thomas 1969; Vale and Gargett 2002; 
Walters 1979) have examined the issues surrounding recovery of vertebrate remains 
from archaeological sites. These studies aimed to develop effective techniques to be 
applied in practical situations to ensure the consistent recovery of vertebrate remains. 
These studies identified major differences between recovery and quantification methods 
used on different faunal remains (e.g. mammals, fish). One of the more influential 
contributors is Shaffer (1992:130; Shaffer and Sanchez 1994) who analysed the 
‘taxonomic loss stemming from the use of ¼" screens’ (the industry standard in North 
America). In 1994, Shaffer and Sanchez responded to the increased use of ⅛" screens in 
North America, by conducting a comparative study using the same materials and 
methods as Shaffer’s (1992) original study. The strategy involved the use of an already 
quantified collection of 26 disarticulated modern mammal specimens. Through testing a 
known number of specimens they were able to determine the relative recovery rates, the 
impact on site usage interpretations and the effect of a mechanical sieve on 
fragmentation rates. In the ¼" sieve all elements from mammals >4500g and most of the 
elements for mammals between 340-3100g were recovered (Shaffer 1992:131). For 
mammals between 71-340g most elements and for mammals <140g all elements except 
the crania were lost (Shaffer 1992:131). However, when a ⅛" screen was applied, the 
majority of the smaller elements were recovered (Shaffer and Sanchez 1994:528). In 
archaeological situations, finding the smaller elements has the potential to contribute 
towards a greater understanding of procurement and butchering practices. However, 
Shaffer (1992) recognised that these experiments were unable to be directly replicated 
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in the field, as it is highly unusual to find whole skeletons in archaeological deposits. As 
with many studies, the choices which formed their sampling strategy were influenced by 
issues of resources and time constraints; however, Shaffer (1992) demonstrated that 
some fauna were under-represented in larger screen sizes. 
 
In further examinations of bone, Vale and Gargett (2002), Gordon (1993) and James 
(1997) differed from Shaffer (1992) by using archaeological samples. Gordon (1993) 
examined the effects of sieve size on measures of diversity using faunal remains from 
Kauai Island, Hawaii, and recorded a 70% increase in the recovery rates of faunal 
remains from the ¼" sieve to the ⅛" sieve (Gordon 1993:454-455). Gordon (1993:458) 
concluded that the use of a larger sieve size can be less productive because it can result 
in a biased sample and limits interpretations of prehistoric subsistence patterns. James 
(1997) examined screen size recovery rates and their effects on archaeofaunal 
interpretations and found that the use of a ¼" at the Maricopa Road site, Arizona, 
resulted in the loss of 75% of the total faunal assemblage and 15 taphonomic groups. 
Vale and Gargett’s (2002) findings differ from other studies as their use of a smaller 
(3mm) sieve did not increase the richness of the fish bone assemblage from Arrawarra I, 
Australia, however, they did find that the 3mm mesh greatly increased their MNI and 
NISP, accounting for almost 70% more fish bone and contributing 58% of the total MNI 
(Vale and Gargett 2002:60). All three studies reached the same conclusion: that a 
smaller sieve size does effectively recover more archaeological remains and can add 
significant information to interpretations on subsistence behaviours. 
 
Ross and Duffy (2000) took their differential recovery experiment one step further and 
aimed to evaluate the efficiency and effectiveness of standard techniques used to 
recover fish bone. Unlike other studies conducted in the Moreton Bay region which 
used 3mm sieves (e.g. Walters 1979), they used a 1mm Endicott sieve to retrieve fish 
bone from part of the Lazaret Midden, Peel Island. As with other experiments on 
differential recovery, there was a clear increase in fish bone, however, the recovery 
method dramatically increased the sorting time required. Ross and Duffy (2000) noted 
that the ‘value’ of the exercise was jeopardised, due to the length of time it took to sort 
100g of the material. They subsequently conducted a series of tests to determine a time 
efficient method for recovery of fish bone without losing a significant amount of 
information. They noted that for a 100g sample it took on average 20 hours to sort 
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material that was dry sieved and 10 hours to sort material which had been wet sieved 
(Ross and Duffy 2000:25). Subsequently a flotation strategy which reduced the analysis 
time without losing a substantial amount of information was developed (Ross and Duffy 
2000). 
 
Shellfish Remains 
In the short period of time that archaeology has been practised in Australia there has 
been a tradition of sieving material from shell middens but few studies have assessed 
the impact of sieve size on the recovery of shellfish remains. Many small whole shells 
and fragments are present in archaeological assemblages, however, as noted by 
Rowland (1994), small shells are often dismissed as insignificant owing to the small 
quantities present at a site and/or their size. Therefore, it is necessary to understand the 
biases underlying the interpretations of faunal remains, as these reflect actual human 
behaviour in the archaeological record. Claassen (1998) has synthesised available 
literature on shells in relation to their presence in archaeological deposits, taphonomic 
processes, sampling methods, recovery and quantification techniques. Claassen (1998) 
emphasises that a smaller sieve size is more accurate for the recovery process, however, 
only two researchers, Muckle (1985, 1994) and Peacock (2000) have actually examined 
the impact of recovery methods on shellfish remains. Both consider various biases 
which exist in the methods currently used by archaeologists.  
 
The experiments conducted by Muckle (1985, 1994) represented the first systematic 
examination of bivalve taphonomy and recovery using material from sites in North 
America. Muckle (1985) used a mechanical sieve with 5.6mm, 4mm, 2mm and 1mm 
nested sieves. These different sieve sizes were used in order to make comparisons 
between the recovery rates of different mesh sizes and how this affected taxa recovery 
rates. This strategy involved gathering as much initial data as possible, however, not all 
the material from the smaller mesh sizes was examined. Muckle (1994) later expanded 
this research, with results indicating that recovery rates are affected by individual 
taxonomic characteristics (Table 2.1). For the butterclam and littleneck clam, specimens 
are retained in the 5.6mm sieve, however, the majority of edible mussel is only retained 
in the 2mm fraction (Muckle 1994:130). This indicated that the different structural 
properties of individual taxa affected the size of the fragments recovered within each 
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sieve. Through these experiments Muckle (1985, 1994) found that the smaller the sieve 
size used, the more confident the result across all taxa.  
 
Table 2.1 Percentage of shell recovered according to species and mesh size (based on weight). Note that 
owing to rounding, not all totals equal 100 (Muckle 1994:130). 
Size Edible Mussel Littleneck Clam Basket Cockle Butterclam 
>5.6mm 6 87 54 100
5.6mm - 4mm 17 8 14 0
4 - 2mm 77 6 32 0
Total 100 101 100 100
 
Peacock (2000) obtained archaeological shell from three sites near the Tombigbee 
River, United States. Peacock (2004) applied a 6.4mm mesh to the recovery of bivalves 
so that the site could be compared to others in the Mississippi region. However, in 
selecting such a large mesh size, Peacock (2000) disregarded the body of vertebrate 
zooarchaeological literature, noted above, which recorded that the large sieve size 
biased the results of faunal studies. Unfortunately, Muckle (1985, 1994), Peacock 
(2000) and Claassen (1998) are the only researchers to consider how recovery methods 
may bias the recovery of shellfish remains.  
 
Differential recovery studies have demonstrated that smaller sieve sizes result in less 
biased recovery. Although a range of Americanist studies conducted to the mid-1990s 
(Barker 1975; Gordon 1993; James 1997; Muckle 1985, 1994; Shaffer 1992; Shaffer 
and Sanchez 1994; Thomas 1969) examined the effects of sieve size on differential 
recovery, few studies have been conducted over the last decade. In these differential 
studies shell has been generally overlooked even though shell assemblages have the 
potential to provide a wealth of information about past cultural activities and 
environments. Most studies have acknowledged that recovery rates are most likely 
taxon-specific, however, there has been very limited detailed investigation. There is 
clearly a need to make such an experiment regionally specific and to examine taxa that 
will be relevant to a large proportion of archaeological sites within that area. There is 
also a need to examine gastropods, which have not been examined in recovery studies. 
As noted by Peacock (2000:193), ‘understanding the potential effects of various sorts of 
biases upon … assemblages is the beginning point for doing environmental archaeology 
using shellfish remains’. Shellfish assemblages can only be compared if the same sieve 
size is used, requiring the establishment of standard sieve sizes for the recovery of 
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shellfish remains. Clearly, from the little research which has been done on differential 
recovery of shell and bone, smaller sieve sizes are necessary to maximise the 
information that can be extracted and increase the confidence in the interpretation of a 
site or region. Although it has been noted that there are issues with using smaller sieve 
sizes (such as increased sorting times – see Ross and Duffy 2000), by testing different 
sampling methods and developing strategies it may be possible to develop effective 
standards for recovering and analysing shell. 
 
Archaeological Studies of Quantification Methods 
Quantification methods are standardised techniques which employ various measures to 
numerically represent materials in archaeological assemblages. The three standard 
methods of quantification of shellfish remains used by Australian archaeologists are 
minimum number of individuals (MNI), number of identified specimens (NISP) and 
weight per taxon. These three methods have also been used in some of the studies on 
recovery methods: MNI (Peacock 2000; Vale and Gargett 2002); NISP (Gordon 1993; 
James 1997; Vale and Gargett 2002); and weight (Muckle 1985, 1994). MNI is the 
minimum number of individuals that are represented by diagnostic elements or features, 
such as the umbo in a bivalve or the spire in a gastropod. NISP is the number of 
identified specimens (i.e. fragments) that can be identified to a particular taxon. Weight 
is the total weight of all fragments identified to a particular taxon. Claassen (1998:120) 
notes ‘the quantification of shellfish remains as MNI, NISP, or weight, from a site is 
rather straightforward. Complications arise in using the results of quantification 
methods, however, linked as they are to issues of sampling and preservation’. Several 
researchers (Allen and Guy 1984; Bailey 1993; Bowdler 1983, 2006; Cannon 1999; 
Carter 1997; Claassen 2000; Erlandson 2001; Glassow 2000; Lyman 1994a, 1994b; 
Marshall and Pilgram 1993; Mason et al. 1998; Mowat 1995; Orton 2000) have 
attempted to examine the biases in these different methods. MNI is sensitive to sample 
size and underestimates the presence of each taxon in a site (Bailey 1993; Marshall and 
Pilgram 1993). NISP is time consuming and tends to over-represent each taxon in a site 
(Bowdler 1983, 2006; Carter 1997; Marshall and Pilgram 1993; Mowat 1995). Weight 
is also time consuming and can over or underestimate depending on taxa (Mason et al. 
1998). However, in addition to these concerns, these quantification methods are all 
affected by pre- and post-depositional factors, sampling and recovery techniques. 
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 Mason et al. (1998), Glassow (2000) and Bailey (1993) have all considered the 
differences between using MNI and weight. Mason et al. (1998) examined the 
California School of Midden Analysis tradition of using weight rather than MNI to 
analyse shellfish remains and concluded that the exclusive use of weight measures 
‘produce potentially misleading interpretations’ (1998:303) in regards to the cultural 
activities occurring at the sites. Mason et al. (1998:310) argued that weight is a less 
reliable method for several different reasons, including variation in shell density across 
species, species-specific fragmentation and shell dissolution rates, and the difficulty 
identifying small shell fragments with no hinge or apex. They argue that MNI is the 
better method to use for most research questions because it is easy to identify each 
taxon, is the least time consuming method and more appropriate for conducting 
comparative studies. MNI is considered to represent ‘real’ data about dietary behaviours 
and can be converted into calorie consumption rates. However, Glassow (2000:407) 
argued that Mason et al. (1998) failed to identify the problems associated with MNI and 
that ‘weight of shellfish remains per taxon is appropriate for addressing most research 
problems of interest to the shell analyst, but that in many instances only weight can 
provide meaningful data due to problems in defining and identifying NRE [non-
repetitive elements]’. 
 
Bailey (1993) also questioned the use of weight in analyses of shellfish remains from 
shell mounds in north Queensland and the New South Wales coast. He noted that a 
common objection to the weight method is ‘that archaeological shells are often lighter 
than their modern counterparts [owing to dissolution] and can be expected to give an 
under-estimate, while bone data are usually more reliably expressed in terms of MNI’ 
(Bailey 1993:5). He also argued that MNI counts of molluscs are sensitive to the degree 
of fragmentation as some otherwise diagnostic, morphological features would have 
fragmented to the point where they are no longer recognised as MNI. MNI is often 
preferred as it is considered to be the faster method, however, for the Ballina shell 
mound where one species was dominant weighing the shell was ‘unquestionably 
quicker’ (Bailey 1993:6). Like Glassow (2000), Bailey suggested that there are benefits 
for using the weight method to answer specific research questions. 
 
Marshall and Pilgram (1993) analysed the relationship between NISP and MNI 
specifically in terms of the fragmentation of vertebrate fauna. Both MNI and NISP were 
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found to be sensitive to fragmentation but reacted differently. Results indicated that 
‘MNI decreases with increasing fragmentation, NISP moves in two directions with 
fragmentation, increasing at low levels of fragmentation and decreasing at high levels of 
fragmentation’ (Marshall and Pilgram 1993:261). MNI was also found to decrease 
owing to ‘stricter’ identification criterion than NISP. This decrease in both MNI and 
NISP was attributed to an inability to identify highly fragmented bone to a diagnostic 
body part. They concluded that for highly fragmented assemblages NISP was more 
representative of element frequency than MNI. However, they did not clearly define 
what constitutes a ‘highly fragmented assemblage’ (Marshall and Pilgram 1993:265) 
and they failed to recognise that the MNI is generally chosen because it is the strongest 
element. In research on shell deposits, Carter (1997) identified a significant bias in 
noting that the correct calculation of NISP per taxon is dependent on the researcher’s 
ability to identify all fragments. Bowdler (1983, 2006), Carter (1997) and Mowat (1995) 
believed that MNI is more effective than NISP in regards to time and accuracy as the 
biases caused by fragmentation are controlled as the calculation is based on only one 
diagnostic part.  
 
Rather than comparing quantification methods, Allen and Guy (1984) investigated 
biases within the MNI measure. They noted that in many cases the MNI is the best 
approximation that can be obtained from fragmentary data; however, ‘it is merely the 
number of animals needed to account for the faunal components in the sample and gives 
no indication of how many animals might have contributed to that sample’ (Allen and 
Guy 1984:41). They attempt to analyse this issue by developing and applying 
mathematical formulae to determine the numerical distance between the MNI and the 
possible reality (see also Cannon 1999 who examined the effects of screen size on 
relative abundance measures). Based on the application of these formulae to wallaby 
mandibles, Allen and Guy (1984:44) discovered that there was a 98.5% chance that the 
sample comprised 700 MNI compared to the 242 MNI obtained through standard 
methods. However, this method is reliant on matching techniques (e.g. the pairing of 
wallaby mandibles), which for most faunal remains have not been developed to a 
standard that can work successfully. 
 
Each of the three quantification methods clearly has strengths and weaknesses and the 
most appropriate method to employ should be dictated by the aims of the study and the 
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type of assemblage. However, in all examinations of MNI, NISP and weight measures 
there has been little consideration of how these techniques may be affected by sampling, 
recovery strategies, taphonomy and structural properties of different taxa. Unlike 
discussions on recovery methods where there is a general consensus about the value of 
using smaller sieve sizes, it is clear that for quantification methods there is no consensus 
about which method provides the most accurate information. Each method produces 
different information and certain quantification techniques may be better suited to some 
research questions than others.  
 
Shell Structure, Fragmentation and Taphonomy 
The accuracy of recovery methods and quantification techniques is closely related to the 
structure and responses of taxa to pre- and post-depositional processes. Claassen 
(1998:101) noted that ‘the smaller the mesh used the more accurate the … 
quantification for it minimizes preservation differences’. There are numerous 
taphonomic processes which can affect shells including encrustation, 
perforation/fragmentation, abrasion, acid dissolution, chemical conversion and heating. 
Taphonomy is a major variable in the recovery and quantification process, however, this 
issue tends to be addressed in the palaeoecological rather than archaeological literature. 
 
Kidwell et al. (2001) examined the sensitivity of taphonomic signatures to sample size, 
sieve size and target taxa. In a comparison of 20 studies on dead shell assemblages they 
found inconsistencies in the methods used including variation in recovery processes; 
including the use of 12 different sieve sizes (2001:26-29). They also found significant 
variation in the taphonomic variables recorded and the methods of data analysis. 
Kidwell et al. (2001:26) concluded that this variability in recovery and analysis 
techniques makes ‘comparison and synthesis of results extremely difficult and, thus, 
reduces the collective value of this effort’. Kidwell et al. (2001) then analysed variation 
in taphonomic signatures of shells and recognised that there was significant variation 
between the damage levels and fragmentation of the different taxa recovered. This study 
clearly indicates that in any research on shellfish remains the methods of recovery and 
analysis must take into account the different responses of taxa to both pre- and post-
depositional factors. 
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Most biological research into shellfish focuses on the behaviour of the animal and 
predation patterns, however, a few have examined shell structure, strength and 
fragmentation. Zuschin et al. (2003) summarised observations on potential sources of 
shell breakage, including ecological interactions, biostratinomic processes, compaction, 
tectonic strain and sampling processes. Although some of these do not apply to 
archaeology, many are important in understanding the post-depositional responses of 
shellfish remains. Ecological processes which are sources of breakage include shell-
breaking predation and shell repair, high energy marine environments, bioturbation and 
anthropogenic influences (Zuschin et al. 2003:36-45). Other sources of breakage 
include abrasion, bioerosion and dissolution, compaction, sampling and post-collection 
fragmentation. The characteristics of individual taxa determine the ability of a shell to 
withstand these various processes. Shell strength is dependent on size, microstructure, 
shape, thickness and ornamentation (spines and varices) (Zuschin et al. 2003:50-56). 
Although shell strength is often thought to be dependent on size, it is the thickness of 
shell which is a better defence against breakage and predators (Zuschin et al. 2003). 
Taphonomic processes reduce shell strength as the organic shell components begin to 
decompose. However, it is difficult to measure how each individual aspect affects 
fragmentation as they are inter-dependent variables.  
 
Tests which measure shell strength have demonstrated that the different mechanical 
properties of taxa determine fragmentation rates (Currey 1976; Currey and Taylor 1974; 
Taylor and Layman 1972; Zuschin and Stanton 2001). Zuschin and Stanton (2001) 
conducted a series of experiments which measured shell strength for three species; 
Mytilus edulis, Anadara ovalis and Mercenaria mercenaria. Compression experiments 
revealed that shell strength does not vary between left and right valves, but varies 
significantly between taxa (Figure 2.2). They found that Anadara exhibited the 
strongest and thickest shell, followed by Mytilus and then Mercenaria having the 
weakest and thinnest shell. In other compression tests, similar variation was found 
between taxa, which correlated with different shell structures, with a nacre structure
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Figure 2.2 Simplified classification of breakage patterns of three species, characterised by strong 
variability. Fracture types (a-f in Anadara and Mercenaria, a-c in Mytilus) presented in order of their 
abundance. Dot = point of loading. Solid Line = obligatory fracture for specific breakage type. Dashed 
line = optional fracture for specific breakage type. (A) Anadara ovalis (N = 336): Fractures typically 
radiated from the point of loading; most fracture patterns included a broken dorsal shell margin and are 
combinations of two or more fractures. Fracture type a typically occurred among drilled valves and 
fracture type f is restricted to ground valves. (B) Mercenaria mercenaria (N = 150): All fractures 
extended from the point of loading; most fracture patterns included a broken dorsal shell margin and are 
combinations of two or more fractures. (C) Mytilus edulis (N = 162): Nearly all fracture patterns consist 
of one fracture only; most occurred across the valves and did not radiate from the point of loading (type a) 
(Zuschin and Stanton 2001:166). 
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(pearl shell) found to be stronger than a foliated structure (oyster) (Currey 1976; Currey 
and Taylor 1974; Taylor and Layman 1972). Zuschin and Stanton (2001) also recorded 
the fracture patterns of the shell from the point-load experiment, noting that the umbo 
tends to remain intact in most of the tests (Figure 2.2). The different structures of each 
taxon clearly affect the type of breakage pattern that resulted from the experiments.  
 
Two archaeological studies have attempted to analyse how the strength and structure of 
different shell is affected by taphonomic processes. Robins and Stock (1990) examined 
various taphonomic explanations for the near absence of Pinctada sugillata and the 
absence of Pinna bicolor from two sites in Moreton Bay, Queensland. These taxa were 
found in substantial numbers around Moreton Bay and are a resource used in other 
coastal areas. Several potential explanations were proposed for the archaeological 
absence of these taxa including problems with retrieval and identification methods, 
resource availability, cultural processes and post-depositional destruction. Although 
they did not resolve the question of why these species were absent, they found in 
heating experiments that these two species were more prone to physical destruction than 
other species when heated to 400°C and 600°C (Robins and Stock 1990:89), indicating 
that the robustness of the shell is affected by heating. This study suggests that this 
cultural process can affect the structure of the shells, leading to post-depositional 
destruction.  
 
Muckle (1985) undertook investigations into bivalve taphonomy to aid interpretations 
of shell midden stratigraphy. He conducted several experiments including cultural 
discard and trampling experiments as their effects on shell fragmentation are in general 
not understood. Muckle (1985:31-32) noted that ‘without an understanding of the 
differential rates of fragmentation according to species, archaeologists may incorrectly 
interpret differences in particle sizes’ and that ‘differential rates of shell fragmentation 
will bias the types of shell recovered during archaeological excavation’. Muckle 
(1985:37) observed that the morphology of shells influences shell fragmentation as 
‘small, thin, unribbed, convex shells will crush more easily than large, thick, heavily 
ribbed flat shells’. These characteristics of shells are also likely to control fragmentation 
by cultural agents, however, little study has been completed on this issue. In the 
trampling studies Muckle (1985:75) found that the particle size of shells was dependent 
on ‘both the species and the number of trampling passages’, indicating that when 
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examining shellfish remains from middens, it is important to consider both shell 
morphology and post-depositional factors.  
 
Shell is prone to fragmentation like other organic materials, however, the different 
structural properties of each taxon cause variations in fragmentation rates, strength and 
individual responses to different taphonomic processes. These differences are an 
important consideration when testing recovery and quantification methods as the 
behaviour of shells is taxon-specific. In most of the research conducted on recovery and 
quantification techniques, fragmentation of faunal remains and their reaction to different 
processes have generally been overlooked. If all processes which form part of the 
sampling strategy can affect the results, then the structural properties of the shell and the 
taphonomic processes it has been subjected to would also affect the outcome of any 
future interpretations. 
 
Implications for this Research 
Coastal archaeological studies are increasingly focused on developing regional models 
to understand and interpret evidence for change through time and space. The main 
problem identified in Australian coastal archaeological research is inconsistencies in the 
methods of excavation and analysis. Variation in archaeological methods have been 
identified in the sieve sizes used for the recovery of shell (from 1mm to 12mm), the 
quantification methods used for analysis (MNI, NISP, weight, meat weight) and in 
understanding the impact of taphonomic conditions on individual shell structure 
(Appendix A). Studies outlined in this chapter considered the effects of sieve size, the 
effects of individual quantification methods and the differences between individual shell 
structures and how these individual factors may translate into real world archaeological 
practice. Factors that impact on shellfish remains include pre-depositional factors 
(shellfish structure, habitat and non-cultural predation), depositional factors (cultural 
predation, heating, meat extraction, artefact manufacture), post-depositional factors 
(heating, trampling, compaction, acid dissolution, chemical conversion), recovery 
methods (sieve size, excavation techniques, transportation, sampling strategy) and 
quantification methods. However, there has been no attempt to examine the complex 
interaction between these factors in archaeological contexts and the effect this can have 
on interpretations. Not all pre-deposition, depositional and post-depositional factors can 
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be controlled for - these factors affect shellfish assemblages before archaeologists 
engage with the remains. The recovery and quantification process occurs once an 
archaeologist has engaged with the remains and it is through developing an 
understanding of these processes that certain variables have the potential to be 
controlled. The implication of identifying and investigating these variables can 
potentially result in an increased understanding of shellfish remains and the 
development of recovery and quantification methods which control these biasing 
factors.  
 
Summary 
There is a clear need to examine the efficacy of recovery and quantification methods 
used in Australian coastal archaeology. All the interpretations of past coastal activity 
have to be considered within the constraints of the methods that have been used. 
Although handbooks and manuals promote certain methods, these require validation and 
there is a need to develop guidelines for the standardised recovery and quantification of 
shellfish remains. Until research has been completed on the potential bias in the 
recovery and quantification methods applied to shellfish remains, no comparative study 
can be conducted or interpretations made with confidence.  
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CHAPTER 3: METHODS AND MATERIALS 
 
Introduction 
Shell samples from three sites were selected for experimental testing to explore the 
recovery and quantification problems identified in Chapter Two. Sampling, sieving and 
analysis procedures were selected on the basis of recommendations from related 
recovery and quantification research, largely on vertebrate remains, and the methods 
routinely used in Australian coastal archaeology. This chapter outlines the methods 
adopted in this study, comprising sample selection (site and taxa selection), sample size, 
sieving methods, identification and quantification, and data analysis.  
 
Experimental Approach 
Based on a review of the relevant literature, an experimental approach was established 
to test the effects of recovery and quantification methods on archaeological shellfish 
remains. Samples of shellfish remains were selected for analysis based on their 
relevance to Australian archaeology, their availability for study and to allow for a 
comparison of sites and taxa. These samples were sub-sampled, through a quartering 
process, to fit in the nested sieves of a mechanical sieve shaker. The sieved material was 
sorted and analysed using three quantification techniques. These data were recorded and 
analysed using a range of statistical tests.  
 
Sample Selection 
Three sites were selected for this study. Their selection was based on the following 
criteria: (1) the majority of the site had to comprise shellfish remains; (2) if the material 
was not a bulk sample the material had to have been previously processed through only 
a 3mm sieve or smaller; (3) a range of shellfish species had to be represented for 
comparative purposes to explore inter-specific recovery patterns related to shell 
structure and fragmentation; and (4) the sample had to be available for study. 
 
Based on these criteria, shell samples from Seven Mile Creek Mound (SMCM) in 
central Queensland, Sandstone Point (SSP) in Deception Bay and One-Tree on Moreton 
Island were selected (Figure 3.1). The Seven Mile Creek Mound and Sandstone 
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Figure 3.1 Location (triangles) of the three sites sampled in southeast Queensland (Photographs: (top) 
Sean Ulm; (centre and bottom ) Jay Hall).  
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Point samples were selected as they are dominated by the same suite of shellfish species 
(Anadara trapezia, Trichomya hirsutus, Saccostrea glomerata and Pyrazus ebeninus), 
allowing comparison of these taxa between the sites. One-Tree comprises a different 
suite of shellfish dominated by Donax deltoides, broadening the range of taxa included 
in the study.  
 
Within the shell samples, specific taxa were selected for analysis based on two criteria: 
(1) the taxa were commonly recovered from sites in Australia; and (2) the selected taxa 
spanned a range of structural properties which were likely to affect the recovery and 
quantification techniques (e.g. shell thickness, shape, size etc.). Based on these 
considerations, the results gained from this study should be applicable to a wide range 
of Australian coastal sites. 
 
Seven Mile Creek Mound 
The Seven Mile Creek Mound (SMCM) is a discrete shell mound located on the central 
Queensland coast (Ulm 2004). Radiocarbon dates demonstrate that the excavated 
deposits date to between 3750±60 BP and 3540±80 BP. Four 50cm x 50cm grid squares 
were excavated in the highest part of the mound and the residue was dry-sieved through 
3mm mesh. Ulm (2004:133) recorded 50 taxa of shellfish, dominated by six species: 
rock oyster (Saccostrea glomerata); hairy mussel (Trichomya hirsutus); mud ark 
(Anadara trapezia); scallop (Pinctada albina sugillata); hercules club whelk (Pyrazus 
ebeninus); and nerite (Nerita balteata). The 3mm sieve residue of the previously 
unsorted Square D, XU15, was selected for analysis. The residue weighed 10.4kg and 
dated to c.3700 BP (Table 3.1).  
 
Sandstone Point 
Sandstone Point is located on Toorbul Point, in Moreton Bay (Hall 1982:91). The oldest 
excavated deposits date to 1600±80 BP (Ulm and Reid 2000:95) and are located on the 
first ridge back from the frontal dune (Nolan 1986:40). Two 50cm x 50cm squares were 
excavated as a trench at SSP2. The deposit was ‘removed in “bucket spits” following 
stratigraphy where possible’ (Nolan 1986:39). Full buckets were sieved in the field 
through 3mm mesh. In most cases the material was dry-sieved in the field and then re-
sieved in freshwater in the laboratory (Nolan 1986:40). During excavations it was noted 
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that the shell was ‘predominantly cockle, oyster, whelk and mussel’ (Nolan 1986:41) 
which is similar to the composition of the SMCM. Previous analysis involved sorting all 
the material in the laboratory and then re-bagging as individual excavation units, not 
separated into individual taxa. The 3mm sieve residue from SSP2, Square B, XU9, was 
selected for analysis. The residue weighed 3.1kg and dated to <c.2000 BP (Table 3.1). 
Its species composition allowed direct comparison with the SMCM. 
 
One-Tree  
One-Tree is located on the southwest coast of Moreton Island, southeast Queensland 
(Hall 1982). Excavated in 1980, One-Tree dates to 1620±60 BP (Ulm and Reid 
2000:95). Bowen (1989:27) notes that the site was on wooded, undulating ground and 
the deposit extended to a depth of 40cm. One-Tree is dominated by pipi (Donax 
deltoides) which is completely absent at the other two sites. The material available to be 
tested was previously unsieved, bulk samples from Layers 2a and 2b. The residue 
weighed 3.8kg and dated to <c.1000 BP (Table 3.1). This site was selected as a 
comparison to SMCM and SSP and to represent non-estuarine taxa in the study. 
 
Table 3.1 Summary of samples.  
Site Square XU Depth 
(cm) 
Age 
(cal BP) 
Total Weight 
(kg) 
No. of 500g 
Samples 
SMCM D 15 39.4-42.3 c.3700 10.4 11
SSP 2 B 8 18-22 < c.2000 3.1 5
One-Tree A 2a-2b NA < c.1000 3.8 4
 
 
Taxa Selection 
The five taxa selected for analysis - A. trapezia, T. hirsutus, S. glomerata, P. ebeninus 
and D. deltoides - are all shellfish species commonly found in archaeological sites in 
different parts of Australia (Appendix B-C). These taxa are representative of different 
environments and a range of different structural properties (e.g. A. trapezia is similar to 
other Arcidae (A. granosa, A. crebricostata); T. hirsutus to other Mytilidae (Mytilus 
edulis planulatus, Brachidontes erosa)) (Table 3.2, Appendix B-C). Four of the taxa are 
bivalves and one is a gastropod. Gastropods have been previously unexamined in 
studies of shell recovery (see Muckle 1985).  
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Table 3.2 Description of taxa selected for analysis (after Beesley et al. 1998; Jansen 1996; Lamprell 
and Healy 1998; Lamprell and Whitehead 1992; Ulm 2004; Wilson 2002; Wilson and Gillett 1979). 
Bivalvia Description 
Anadara trapezia (Arcidae)  
 
 (Ulm in press 2006:Figure 2.7) 
Environment: intertidal mangroves; estuarine flats; seagrass 
beds 
Distribution: eastern Australia 
Size: to 70mm 
Description: moderately heavy, thick shell; predominant, 
strong radial ribs (29 ribs); equivalve; inflated medially; 
small medial teeth 
 
Trichomya hirsutus (Mytilidae)  
 
 (Lamprell and Healy 1998:81) 
Environment: tidal estuaries; attached to rocks from low 
tide level to 16m 
Distribution: eastern Australia 
Size: to 65mm 
Description: fine sculpture of radial striae and concentric 
growth pauses; fiborous hirsute periostractum; beaked 
anterior umbo; equivalve; inequilateral; three knob-like teeth 
in right valve and irregular pits in left valve 
 
Saccostrea glomerata (Ostreidae)  
 
 (Photograph: Antje Noll) 
Environment: sheltered rocky shores; mangroves; intertidal 
zone 
Distribution: eastern Australia 
Size: to 100mm 
Description: asymmetrical valves; right valve deep, cup-
shaped recessed under the hinge; left valve, smaller and 
flattish; fits in right valve; foliated sculpture (like 
overlapping scales) 
 
Donax deltoides (Donacidae)  
 
(Beesley et al. 1998:Plate 15) 
Environment: ocean beaches; littoral sand 
Distribution: eastern to southeastern Australia 
Size: to 60mm 
Description: triangular with a rounded anterior and angular 
posterior; largest of the Australian species; nearly smooth 
exterior; fine concentric striae; two cardinal teeth with lateral 
tooth in each valve 
 
Gastropoda Description 
Pyrazus ebeninus (Batillariidae)  
 
(Wilson 2002:102) 
Environment: mudflats; mangrove swamps 
Distribution: eastern Australia 
Size: to 110mm 
Description: elongate with finely spirally ribbed whorls; 
nuclear whorls axially elongate nodules; spire whorls and 
body whorl are angular with a single spiral row of high 
nodules; outer lip widely flared, lower lip projects beyond 
columella base; anterior canal very short, posterior channel 
present 
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Differences in shell structural properties have been tested by Zuschin and Stanton 
(2001:167). A species of Arcidae (Anadara ovalis) was found to have the strongest shell 
structure of those tested owing to factors including valve thickness, a strong arch from 
the dorsal to ventral margin and strong ribs. However, its crossed-lamellar 
microstructure is not as strong as the nacreous microstructure of Mytilus edulis 
(Mytilidae). Two species of these families found in Australia (A. trapezia and T. 
hirsutus) are included to add to an understanding of the effects of shell structure on 
fragmentation patterns.   
 
Sample Size and Sieving Methods 
The material from SMCM, SSP and One-Tree was unsorted prior to this study (Table 
3.1). With the exception of One-Tree (a bulk sample), the residues were gently wet-
sieved in a 3mm sieve with freshwater and left to air dry prior to conducting the 
experiment. Optimal sample size and test sieving methods were determined after Baxter 
(2005) and Pope and Ward (1998). 
 
Sample Size Selection 
Pope and Ward (1998:4) outline methods for establishing the size of test samples for 
mechanical sieve analysis. In determining the size of a sample there are three main 
considerations: (1) the character of the material; (2) its screenability; and (3) the range 
of particle sizes present. Based on these recommendations, Baxter (2005) conducted a 
series of sieving experiments on a sample of material from the SMCM and determined 
that a 500g sample produced replicable results in the mechanical sieve shaker. Smaller 
samples produced inconsistent results, while larger sample sizes did not alter the 
proportions of material retained in each sieve fraction. Based on these findings, 500g 
sampling units were used in this study. 
 
Quartering 
Following the methods recommended in Pope and Ward (1998:4), quartering was used 
to obtain 500g representative samples of material from the 3mm sieve residue (ideally, a 
mechanical sample splitter would be used for this process but none with a sample 
aperture large enough for the size of the shell material was available for this study). 
Quartering involved piling the bulk 3mm sample onto a smooth surface and spreading 
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the material until a uniform thickness was established. The pile was then viewed and 
separated into quarters using a ruler. This process of piling, flattening and quartering 
continued until the material reached the required 500g size. To obtain the next 500g 
sample the procedure was repeated. This procedure resulted in 11 samples from SMCM, 
5 from SSP2 and 4 from One-Tree (Table 3.1). 
 
Test Sieving 
Based on analysis of sieve sizes used in Australian archaeology it was found that 3mm 
(40%) and 6mm (19%) sieves were commonly used in the recovery of shell 
assemblages (Appendix A). A 10mm (6%) sieve was included to understand the effect 
of using only a larger sieve size. Owing to this result a 3.15mm, 6.3mm and 10mm 
sieve (standard calibrated Endecott sieve sizes) were selected to test recovery rates. A 
3.15mm sieve was selected as a minimum owing to the availability of samples and time 
restrictions (Ross and Duffy 2000). Each 500g sample was sieved through the 10mm, 
6.3mm and 3.15mm nested sieves plus a base plate for one minute in an Endecotts Test 
Sieve Shaker ME 20286. Tests by Baxter (2005) indicated that mechanical sieve 
shaking for one minute through nested sieves resulted in shell material being sorted to 
its fullest potential without causing unnecessary fragmentation. A mechanical sieve 
shaker was used in an attempt to control the process as much as possible and eliminate 
the bias of different sieving actions common in manual sieving (Pope and Ward 1998).  
 
Identification and Quantification 
The sieve residue from each 500g sample was sorted into individual taxa using tweezers 
and a magnifying lamp. Shell was identified using diagnostic features, handbooks and a 
comparative shell reference collection from the Aboriginal and Torres Strait Islander 
Studies Unit Research Facility. All target shell material (A. trapezia, S. glomerata, T. 
hirsutus, D. deltoides and P. ebeninus) in each sample was quantified using MNI, NISP 
and weight and recorded on data recording forms.  
 
MNI 
MNI is a measure of the minimum number of individual shellfish required to account 
for the number of diagnostic elements identified in the assemblage. The specific 
element used to identify the minimum numbers of individual shellfish varies by taxon. 
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For P. ebeninus the spire of the gastropod was used to calculate MNI (Figure 3.2). For 
symmetrical (A. trapezia, T. hirsutus and D. deltoides) and slightly asymmetrical (T. 
hirsutus) the highest number of umbos on one side (left or right) was used as the 
diagnostic MNI element (Figures 3.3 - 3.4). For S. glomerata, shells were separated into 
lower (bases) and upper (lids) valves and the greater number was taken as the MNI 
element.  
 
 
 
 
 
Figure 3.2 Gastropod terminology (after Claassen 1998:19). 
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Figure 3.3 Bivalve terminology (note location of the umbo on the dorsal margin) (after Claassen 
1998:21; Hedley 1904). 
 
 
 
 
 
Figure 3.4 Bivalve terminology (note difference between left and right valves) (after Claassen 1998:21; 
Hedley 1904). 
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NISP 
NISP is the measure of the number of identified specimens. The NISP measure involved 
counting every shell fragment identified to a particular taxon. This measure is useful in 
examining the fragmentation rates of shell assemblages both within and between sites. 
 
Weight 
The weight measure involved determining the weight of all shell identified to a 
particular taxon (i.e. all shell included in the NISP measure above). Shell was weighed 
to the nearest 0.1g on an AND EK1200G electronic balance for samples above 20g and 
samples under 20g were weighed on a Shimadzu AW120 electronic balance to the 
nearest 0.0001g. 
 
Data Processing and Statistical Analysis 
Data were recorded on laboratory recording forms and transferred to a Microsoft Excel 
spreadsheet. All totals presented are cumulative owing to the use of nested sieves. For 
the purpose of this experiment, the 3.15mm sieve is assumed to represent 100% 
recovery rate as two of the samples had already been processed through this sieve size. 
Statistical analyses were performed using SPSS 14. The confidence level for statistical 
significance was set at 95% (0.05) as recommended for social science analysis by 
Drennan (1996) and Shennan (1988). A series of Repeated Measures Analysis of 
Variance (ANOVA) tests were performed to evaluate differences between sites and 
between the sieve sizes and quantification methods for each species. The initial 
ANOVA test was performed to establish whether the samples (SMCM and SSP) could 
be combined for analysis. Field (2000) notes that ANOVAs are used to analyse 
situations where there are several independent variables. This test examines ‘how these 
independent variables interact with each other and what effects these interactions have 
on the dependent variable’ (Field 2000:243). These statistical tests are used to establish 
the comparability of the data and explore the raw data, rank order and percentages 
derived from the MNI, NISP and weight measures. These methods have been used by 
other researchers who have explored similar questions (e.g. Gordon 1993; Muckle 1994; 
Vale and Gargett 2002).  
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Summary 
The experimental design outlined in this chapter was established to explore the key 
thesis questions while controlling for the variables outlined in Chapter Two. Three sites 
were chosen to allow for inter- and intra-site comparisons, five taxa (four bivalves, one 
gastropod) were chosen to allow for inter- and intra-taxa comparisons and, finally, the 
three most widely used quantification techniques have been employed to analyse site 
and taxa variability. 
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CHAPTER 4: RESULTS 
 
Introduction 
This chapter reports the results of analyses of the sample shellfish assemblages using 
methods outlined in Chapter Three. The comparability of samples between and within 
sites is established. Individual taxa results for the different sieve sizes are quantified and 
evaluated in terms of the structure and behaviour of the different sample material before 
a synthesis of all results is collated. The significance of the results is determined by a 
Repeated Measures Analysis of Variance (ANOVA) test threshold of less than 0.05. 
 
Comparability of Samples 
Repeated Measures ANOVA tests confirmed that samples of the same taxon could be 
compared between sites (Table 4.1). With the exception of MNI, there was no 
significant difference found between the Seven Mile Creek Mound and Sandstone Point 
samples, confirming their comparability. This finding was further supported by 
fragmentation data with NISP per 100g for the two dominant species (S. glomerata and 
T. hirsutus) producing similar results (Table 4.2), suggesting no gross differences in 
taphonomic histories impacting on fragmentation rates. Based on these findings, the 
results from Sandstone Point and Seven Mile Creek Mound have been combined for 
analysis. A. trapezia, T. hirsutus, S. glomerata and P. ebeninus are only considered for 
the SMCM and SSP assemblages, One-Tree is not included in this discussion as only D. 
deltoides has been analysed in this assemblage. 
 
Table 4.1 Repeated Measures Analysis of Variance (ANOVA) test of between-site factors using the four 
target taxa from SMCM and SSP (shaded cells indicate statistically significant difference). 
Quantification 
Method 
 
df 
 
F value 
 
Significance
Weight 2 0.004 0.996
MNI 2 3.965 0.021
NISP 2 0.131 0.878
 
Table 4.2 Calculation of the fragmentation rate per 100g (total NISP divided by the total weight, 
multiplied by 100).   
Species SMCM SSP2 
Trichomya hirsutus 542.6656 562.8501
Saccostrea glomerata 301.3595 264.6588
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Individual Taxa Results 
 
Anadara trapezia (Family Arcidae) 
A. trapezia was ranked as the third-most 
prominent species found, except for the 3.15mm 
NISP result, for the two assemblages (Appendix 
E). The majority of A. trapezia was recovered in 
the 10mm sieve for MNI (96%) and weight (96%) 
(Table 4.3). The NISP measure was more sensitive 
to sieve size difference with 58% retained in the 
10mm sieve and 73% in the 6.3mm sieve. The Repeated Measures ANOVA indicates a 
significant difference between the recovery rates of all sieve sizes for weight and NISP 
(Table 4.4). For MNI, there is no significant difference as the result increased by only a 
single MNI element (Table 4.3). 
 
Results from the small sample of A. trapezia indicate that a 10mm or 6.3mm sieve 
would not effectively recover all of the information for weight or NISP measures. MNI 
data do not indicate that there is any significant difference and therefore it could be 
argued that if MNI was the quantification method of choice than a 10mm sieve would 
be adequate. However, this result is possibly related to sampling bias, as, when 
fragmented, the umbo structure used for MNI calculations is small enough to fall 
through 10mm mesh. 
 
Table 4.3 Summary of A. trapezia recovery rates per sieve fraction, Seven Mile Creek Mound and 
Sandstone Point (16 samples). Note cumulative totals. 
Quantification 
Method 
10mm 6.3mm 3.15mm 
Weight 403.4246 414.1031 418.2658
MNI 25 25 26
NISP 85 108 147
 
Table 4.4 A. trapezia Repeated Measures ANOVA results (shaded cells indicate statistically significant 
difference). 
10mm-3.15mm 10mm-6.3mm 6.3mm-3.15mm Quantification 
Method df F value Sig. df F value Sig. df F value Sig. 
Weight 1 9.966 0.007 1 7.606 0.015 1 8.787 0.010
MNI 1 1.000 0.329 1 - - 1 1.000 0.329
NISP 1 8.545 0.010 1 7.091 0.015 1 7.507 0.015
 
Figure 4.1 Anadara trapezia (Ulm, in 
press:Figure 2.7).  
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Trichomya hirsutus (Family Mytilidae) 
T. hirsutus was ranked as the second-most 
predominant species for the two assemblages. For 
weight 74.6% of T. hirsutus was recovered in the 
10mm sieve and over 86.5% in the 6.3mm sieve 
(Table 4.5). For MNI only 61% was recovered in 
the 10mm sieve. The NISP measure was even 
more sensitive to sieve size difference with only 
27.2% captured in the 10mm sieve and 37.8% in the 6.3mm sieve. The Repeated 
Measures ANOVA indicates a significant difference for T. hirsutus across all sieve sizes 
for all quantification techniques. The result of 0.000 reported in Table 4.6 is simply a 
significance value beyond three decimal places, therefore increasing the confidence that 
this result would occur for this species with every test conducted under similar 
circumstances. 
 
Based on these results for T. hirsutus it can be concluded that only the 3.15mm sieve 
should be used for all quantification measures to ensure maximum data recovery. This 
species has a fine radial shell structure (especially when compared to the heavy, strong 
ribbed shell of A. trapezia) and from these initial data it appears to fragment into fairly 
small, yet still identifiable fragments. Based on a NISP measure alone the 10mm sieve 
would have accounted for less than one third of the T. hirsutus present in the sample. 
 
Table 4.5 Summary of T. hirsutus recovery rates per sieve fraction, Seven Mile Creek Mound and 
Sandstone Point (16 samples). Note cumulative totals. 
Quantification 
Method 
10mm 6.3mm 3.15mm 
Weight 685.0641 794.3014 918.0491
MNI 155 204 254
NISP 1375 1909 5041
 
Table 4.6 T. hirsutus Repeated Measures ANOVA results (shaded cells indicate statistically significant 
difference). 
10mm-3.15mm 10mm-6.3mm 6.3mm-3.15mm Quantification 
Method df F value Sig. df F value Sig. df F value Sig. 
Weight 1 203.512 0.000 1 247.566 0.000 1 87.955 0.000
MNI 1 33.542 0.000 1 37.692 0.000 1 22.262 0.000
NISP 1 55.535 0.000 1 131.578 0.000 1 47.186 0.000
 
 
Figure 4.2 Trichomya hirsutus 
(Lamprell and Healy 1998:81). 
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Saccostrea glomerata (Family Ostreidae) 
S. glomerata was the dominant species in both 
SMCM and SSP assemblages. For weight 87% 
was captured in the 10mm sieve. For MNI 61.4% 
was captured in the 10mm sieve and 72.2% in the 
6.3mm sieve. The NISP measure was more 
sensitive to sieve size difference with only 24.8% 
captured in the 10mm and 33.6% in the 6.3mm. 
The Repeated Measures ANOVA indicates a significant difference between all sieve 
sizes across all quantification techniques for this species. The result of 0.000 indicates 
that this result should occur for this species each time these tests are conducted under 
similar conditions. 
 
It is clear that a 3.15mm sieve is necessary to gain a full understanding of S. glomerata 
presence in all sites. Studies by several researchers (Currey 1976; Currey and Taylor 
1974; Taylor and Layman 1972) have noted that the foliated structure of oyster leads to 
the folia flaking or splintering rather than breaking cleanly like other species. It is this 
fragile structure which most likely leads to this significant proportion of NISP 
recovered from the 3.15mm sieve fraction.  
 
Table 4.7 Summary of S. glomerata recovery rates per sieve fraction, Seven Mile Creek Mound and 
Sandstone Point (16 samples). Note cumulative totals. 
Quantification 
Method 
10mm 6.3mm 3.15mm 
Weight 4025.6593 4268.3695 4623.4553
MNI 306 360 498
NISP 3335 4502 13401
 
Table 4.8 S. glomerata Repeated Measures ANOVA results (shaded cells indicate statistically significant 
difference). 
10mm-3.15mm 10mm-6.3mm 6.3mm-3.15mm Quantification 
Method df F value Sig. df F value Sig. df F value Sig. 
Weight 1 104.401 0.000 1 130.495 0.000 1 77.579 0.000
MNI 1 35.556 0.000 1 27.967 0.000 1 25.588 0.000
NISP 1 52.981 0.000 1 63.461 0.000 1 49.827 0.000
 
 
 
Figure 4.3 Saccostrea glomerata 
(Photograph: Antje Noll). 
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Pyrazus ebeninus (Family Batillariidae) 
P. ebeninus was ranked as the least dominant 
species found, except for 3.15mm sieve NISP 
result, from the two assemblages. All MNI and 
94.8% by weight were recovered in the 10mm 
sieve fraction. The NISP measure was more 
sensitive to sieve size difference with 26.1% 
captured in the 10mm sieve fraction and 37.6% in 
the 6.3mm sieve. The Repeated Measures ANOVA recorded no variation for MNI as all 
the material was captured in the 10mm sieve fraction. For weight and NISP there was a 
significant difference for all sieve fractions.   
 
The results from the small sample of P. ebeninus indicate that a 10mm or 6.3mm sieve 
would not effectively recover all of the information for weight and NISP. Although this 
species is robust, it fragments into identifiable pieces small enough to be captured in a 
3.15mm sieve. The high weight for only a reasonably small MNI can be attributed to the 
size of P. ebeninus (to 110mm) and its structure consisting of a short anterior canal with 
a tightly whorled, strong interior.   
 
Table 4.9 Summary of P. ebeninus recovery rates per sieve fraction from Seven Mile Creek Mound and 
Sandstone Point (16 samples). Note cumulative totals. 
Quantification 
Method 
10mm 6.3mm 3.15mm 
Weight 331.1574 339.3491 349.2753
MNI 20 20 20
NISP 50 72 191
 
Table 4.10 P. ebeninus Repeated Measures ANOVA results (shaded cells indicate statistically significant 
difference). 
10mm-3.15mm 10mm-6.3mm 6.3mm-3.15mm Quantification 
Method df F value Sig. df F value Sig. df F value Sig. 
Weight 1 5.409 0.034 1 5.157 0.038 1 5.111 0.039
MNI 1 - - 1 - - 1 - - 
NISP 1 5.560 0.032 1 5.056 0.040 1 5.384 0.035
 
 
 
 
 
Figure 4.4 Pyrazus ebeninus (Wilson 
2002:102). 
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Donax deltoides (Family Donacidae) 
D. deltoides was only present in the small One-
Tree assemblage, comprising four samples 
compared to the 16 samples of the other species. 
D. deltoides demonstrate a consistent increase in 
all three quantification methods across each sieve 
size. For weight 66.8% was captured in the 10mm 
sieve and 84.5% in the 6.3mm sieve. For MNI 
69.4% was captured in the 10mm sieve and 88.7% in the 6.3mm. The NISP measure 
was more sensitive to sieve size difference with 20.4% captured in the 10mm sieve and 
38.9% in the 6.3mm sieve. The Repeated Measures ANOVA indicated that there was no 
significant difference between any sieve fraction for NISP and weight. However, MNI 
did produce a significant difference for the 10mm and 6.3mm fractions.   
 
The result of no significant difference appears to be a sampling issue, as when these 
data are compared to the original data (Table 4.11) and the data from other species 
(Table 4.5 and 4.6) it might be expected to demonstrate a significant difference. In 
statistical tests the smaller the samples, the more difficult it is to test for statistically 
significant differences. Therefore, based on the original data, and until further testing is 
completed, it is recommended that a 3.15mm sieve size be used for the recovery of D. 
deltoides.  
 
Table 4.11 Summary of D. deltoides recovery rates per sieve fraction from One-Tree (4 samples). Note 
cumulative totals. 
Quantification 
Method 
10mm 6.3mm 3.15mm 
Weight 865.4 1094.9136 1294.3388
MNI 123 157 177
NISP 747 1426 3659
 
Table 4.12 D. deltoides Repeated Measures ANOVA results (shaded cells indicate statistically significant 
difference). 
10mm-3.15mm 10mm-6.3mm 6.3mm-3.15mm Quantification 
Method df F value Sig. df F value Sig. df F value Sig. 
Weight 1 5.531 0.100 1 3.847 0.145 1 0.082 6.645
MNI 1 22.546 0.018 1 21.146 0.019 1 5.172 0.107
NISP 1 6.458 0.085 1 3.991 0.140 1 6.473 0.084
 
 
 
Figure 4.5 Donax deltoides (Beesley et 
al. 1998:Plate 15). 
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Inter-Taxa Comparison 
Statistical tests demonstrate the great variability in taxa results by both sieve size and 
abundance measures. This indicates that when at least two of these species co-occur in 
an assemblage, a 3mm sieve must be used to ensure the effective recovery of individual 
taxa and to ensure comparability between taxa. Results also indicate that the structure of 
shells affects the size of the fragments recovered in the sieve fraction which in turn 
affects the results of the quantification measures. Although they are separated for 
discussion purposes, there is an inter-dependent relationship between sieve size, 
quantification measures and shell taxa. 
 
Recovery Methods  
To ensure the consistent recovery of over 75% of all identifiable material a 3.15mm 
sieve must be applied. Results demonstrate that the 10mm sieve fraction generally 
accounted for less than 75% of all possible information on each taxon (Table 4.13). The 
NISP measure consistently under-estimates the relative abundance of shell in the 6.3mm 
and 10mm sieves (Table 4.13). Through using nested sieves a consistent increase in 
recovery rates is evident in all three abundance measures for T. hirsutus, S. glomerata 
and D. deltoides (Figure 4.6-4.8). The results also indicate that if only a 10mm or 
6.3mm sieve was applied there is a risk of over-representing more robust intact species 
(A. trapezia, P. ebeninus) than the more fragmentary species (T. hirsutus, S. glomerata, 
D. deltoides). Owing to variability in taxa recovery rates and quantification results it is 
essential that smaller sieve sizes are used for the recovery of shellfish remains. 
Table 4.13 Percentage of shell recovered by taxon, sieve fraction and abundance measure 
(shaded cells indicate <75% accounted by abundance measure). 
Species Measure 10mm 6.3mm 3.15mm 
A. trapezia Weight 96.4517 99.005 100
 MNI 96.1540 96.154 100
 NISP 57.8321 73.469 100
T. hirsutus Weight 74.6217 86.521 100
 MNI 61.0236 80.315 100
 NISP 27.2763 37.869 100
S. glomerata Weight 87.0704 92.320 100
 MNI 61.4458 72.289 100
 NISP 24.8862 33.595 100
P. ebeninus Weight 94.8127 97.158 100
 MNI 100.0000 100.000 100
 NISP 26.1780 37.696 100
D. deltoides Weight 66.8604 84.593 100
 MNI 69.4915 88.701 100
 NISP 20.4154 38.972 100
 
 
44 
0
50
100
150
200
250
300
350
400
450
500
Anadara trapezia Trichomya hirsutus Saccostrea glomerata Pyrazus ebeninus Donax deltoides
Taxa
M
in
im
um
 N
um
be
r o
f I
nd
iv
id
ua
ls
 (M
N
I)
10.0mm 6.3mm 3.15mm  
Figure 4.6 Total MNI of individual taxa per sieve size across all sites. 
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Figure 4.7 Total weight of individual taxa per sieve size across all sites. 
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Figure 4.8 Total NISP of individual taxa per sieve size across all sites. 
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Quantification Methods  
The quantification values are affected by both variation in shell structure and sieve size. 
For MNI and weight, over 75% of the total is accounted for by the 6.3mm sieve, except 
for the MNI of S. glomerata (Figures 4.9-4.10). This may be due to the MNI element 
still being identifiable when small or smaller whole oysters biasing the result. For the 
two robust species (P. ebeninus and A. trapezia) over 75% of the total material was 
recovered by the 10mm sieve, with the exception of the NISP measure (Table 4.13, 
Figures 4.9-4.11). NISP is the only abundance measure for all species that is not 
represented by over 75% of the total until a 3.15mm sieve is applied (Table 4.13). 
However, the 6.3mm sieve as quantified by NISP under-represented four taxa (Table 
4.13) consistently by a factor of between 2.5 and 3.0, however, this does not apply to A. 
trapezia or any other quantification method. All shell assemblages have different 
taphonomic trajectories which result in different degrees of fragmentation. Owing to the 
bias that has been identified in NISP (Chapter Two) and the effect of sample size on the 
results it cannot be assumed that this consistent pattern is representative of all sites.  
 
The significance tests indicate that of the five taxa analysed, four produced results of 
significant difference across all sieve sizes for both weight and NISP (Appendix D) and 
S. glomerata and T. hirsutus were significantly different across all sieve sizes for all 
quantification techniques (Figures 4.6-4.11). D. deltoides produced the only real non-
significant result. However, as discussed above this is likely due to small sample size, 
and may produce a significant result if more samples were tested. P. ebeninus and A. 
trapezia produced identical significance test results that are supported by the original 
data of large weight totals for only small MNI and NISP values. Individual taxa 
structure and responses to taphonomic and recovery processes affect the quantification 
results.  
 
Shellfish Structure 
Results indicate that it is the structure of the taxa, not its classification as a bivalve or 
gastropod, which plays a determining role in how it fragments. A. trapezia and P. 
ebeninus both have thick strong shell structures that are heavily ribbed. Tests on other 
species of Arcidae have indicated that these structural elements appear to limit the
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Figure 4.9 Percentage of MNI recovered in each sieve size across all sites. 
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Figure 4.10 Percentage of weight recovered in each sieve size across all sites. 
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Figure 4.11 Percentage of NISP recovered in each sieve size across all sites. 
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breakage of these taxa (see Zuschin and Stanton 2001). At the other extreme, T. hirsutus 
and D. deltoides share similar structural elements, a fairly thin shell sculpture with thin 
radial striae which Zuschin and Stanton (2001) noted made Mytilidae weaker than 
Arcidae. The high fragmentation rate of S. glomerata is due to its foliated structure. 
This is the weakest structure in terms of shell strength and it results in a flaking pattern 
rather than a clean fragment break. The examination of shell structure provides a basis 
for understanding the reaction of these species to the recovery process and the results of 
quantification methods. Shell structure, taphonomic factors and recovery methods affect 
the size of shell fragments and the results of abundance measures. 
 
Summary 
The five taxa analysed, A. trapezia, S. glomerata, T. hirsutus, P. ebeninus and D. 
deltoides produced results which were strongly influenced by individual shell structures. 
Results indicate that for at least four of these taxa a 3.15mm sieve must always be used 
in order to recover maximum abundance information. The smaller sieve size (3.15mm) 
recovers significantly more archaeological material than the larger sieve sizes (6.3mm 
and 10mm). Although it has not been determined which quantification technique may 
be superior, it is clear that there are differences in the amount and type of information 
that can be gathered. There is an inter-dependent relationship between sieve size, 
abundance measures and shell structure which has been generally overlooked in the 
literature. The conclusion to be made from these results is that to ensure the most 
information from shellfish assemblages is collected a 3.15mm sieve should be used for 
all of the quantification techniques. 
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CHAPTER 5: DISCUSSIONS AND CONCLUSIONS  
 
Introduction 
Shellfish are a major component of Australian coastal archaeological sites and have 
been used to inform key debates on the nature and trajectory of prehistoric change, 
particularly issues of intensification, predation pressure, subsistence and settlement 
patterns, dietary change and social organisation. However, recovery and quantification 
biases that shape the database underscoring these debates have not been evaluated. 
Results from experimental testing demonstrate that for effective recovery and analysis 
of archaeological shellfish remains, a small sieve size (3mm) is required to be used and 
analysed. The broad implication of these results is the practical application of the 
methods in any future research in Australian coastal archaeology.  
 
Key Findings 
The key findings from the experimental testing of recovery and quantification 
techniques on archaeological shellfish remains are: 
 
• Consistent and comparable recovery of identifiable shellfish remains from 
archaeological sites is dependent on the use of small sieve sizes (such as 
3.15mm). 
• All quantification methods are strongly affected by the structure of individual 
taxa, fragmentation and sieve sizes used in the recovery process. 
• Structures of individual shellfish affect the rate of fragmentation in response to 
both taphonomic processes and recovery methods. 
• There is no consistent pattern across all three variables of taxa, sieve size and 
quantification measures, indicating the paramount importance of inter-specific 
factors. 
 
Methods of Taxa Recovery 
This study has successfully built on the work conducted by other researchers (e.g. 
Muckle 1985, 1994; Shaffer 1992) clearly demonstrating the benefits of using smaller 
sieve sizes for the recovery of faunal remains. This is the first study to analyse the 
effects of the recovery process on shellfish remains in an Australian context and has 
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demonstrated that to gain consistent and comparable data on and between the taxa 
present in a shell assemblage, small sieve sizes (e.g. 3.15mm) need to be used in the 
recovery and analysis process. S. glomerata, T. hirsutus and D. deltoides are particularly 
sensitive to differential recovery owing to their fragmentary nature. This sensitivity is 
particularly evident when compared to the results of the robust A. trapezia and P. 
ebeninus. This variation in individual species result by sieve size is similar to that 
identified by Muckle (1994) (Table 2.2). Although it could be argued that the results for 
A. trapezia indicate that a 10mm sieve would effectively recover the majority of 
information, this does not account for other shellfish species, fish bone, mammal bone, 
charcoal and seeds that are also found within sites (Figures 4.6-4.11). For example, if a 
6.3mm sieve was being used to compare the MNI of A. trapezia to T. hirsutus, one 
would underestimate T. hirsutus by almost 20% (Table 4.13). Although it is clear that a 
large percentage of archaeologists do use 3mm sieves in the recovery of shellfish 
remains, several analysed only the material from the larger, 6mm sieve (Appendix A). 
 
Archaeology, by its very nature, is a destructive process. Once an excavation is 
completed the material can never be returned to its original context. The aim of 
applying a recovery method is to increase the amount of information that can be 
gathered to build a larger picture of cultural and environmental activities. Further 
widespread application of a 3.15mm sieve would ensure the consistent recovery of the 
majority of identifiable elements, allow for the possibility of future research questions, 
enable the investigation into any problems that may arise post-excavation and allow for 
regional comparisons.  
 
Methods of Shellfish Analysis 
Minimum number of individuals (MNI), number of individual specimens (NISP) and 
weight are quantification methods used in archaeology as a means of representing what 
has been found at a site. These data can be used to develop interpretations of subsistence 
behaviour, species diversification and intensification, dietary reconstructions and the 
effects of taphonomy on shell preservation. These methods are generally applied with 
little explanation of why those choices were made and how they may bias results. The 
application of all three common quantification methods to this analysis of shellfish 
remains makes it clear that if only one method is applied there is a risk of over- or 
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under-representing the abundance of the shellfish remains. For robust species (A. 
trapezia and P. ebeninus) the MNI does represent a reasonably accurate account of the 
amount present in the assemblage as the element used for calculations remains intact. In 
this experiment over 95% of the MNI from A. trapezia and P. ebeninus was found in the 
10mm sieve (Table 4.13). However, for species which readily fragment into numerous 
pieces (T. hirsutus and S. glomerata), the MNI under-represents their total presence in 
the assemblage, especially when compared to NISP and weight totals. If only weight 
was examined for the 10mm sieve, the presence of D. deltoides would have been under-
represented by 33% (Table 4.13). Robust, larger species generally exhibit higher weight 
totals than lighter, smaller species even if the lighter species have a higher MNI. This 
supports the argument of Mason et al. (1998) that the exclusive use of weight can 
produce misleading results. NISP has been generally under-utilised in Australia. 
However, in comparisons of fragmentation rates at midden sites it would be a useful 
tool in understanding whether the sites are being impacted by similar forces. The biases 
inherent in these three methods were discussed in detail in Chapter Two, however, no 
previous study has directly compared all three quantification methods commonly used 
for the analysis of faunal remains in archaeology. Each method has problems, which 
have been identified in this study, as each measure different aspects of faunal 
assemblages. Through combining all three methods a more realistic picture of the 
distribution and volume of shellfish remains can be achieved. As a precautionary 
method it is recommended that all three quantification methods be applied in order to 
accurately represent the shellfish remains recovered from a site. 
 
Variation in Shellfish Structure 
The structure and fragmentary nature of shell affects the recovery and quantification 
process to a greater extent than is generally acknowledged by many researchers. Shells 
are subjected to environmental impacts in their live state, prior to human contact, and 
these impacts when combined with cultural behaviours and taphonomic factors affect 
the strength and reaction of shell to recovery processes. Characteristics such as shell 
size and morphology were found to affect the results of individual species. Larger, 
robust shells (A. trapezia and P. ebeninus) tended to be recovered largely intact 
resulting in over 90% of MNI and weight being recovered in the 10mm sieve. However, 
the dominant shell (S. glomerata) was also found to be the most fragmentary, leading to 
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differences in quantification results (Table 4.13). Studies specifically examining the 
mechanical properties of shell are supported by the findings of these experiments 
(Currey 1976; Currey and Taylor 1974; Taylor and Layman 1972; Zuschin and Stanton 
2001). All noted that it was a combination of structural features which determined how 
the shell fragmented when placed under stress. Clearly, when examining archaeological 
shellfish remains, it is important to understand how individual taxa have different 
responses to environmental pressures, cultural activities, taphonomic processes, 
recovery processes and analysis procedures if a site is to be interpreted with any 
confidence.   
 
Implications for Key Debates 
The consistent application of the recovery and quantification techniques recommended 
in this research has implications for key debates in Australian archaeology (Chapter 
Two). Debates about predation pressure, diet change, the role of smaller shellfish, 
intensification and regional culture change are all dependent on the methods applied to 
recover and quantify archaeological information. Inconsistencies have been identified in 
the methods used to develop regional models (e.g. Sullivan 1987), in arguments about 
the presence/absence of shellfish remains and the increase/decrease of shellfish species 
through time and space (e.g. Mackay and White 1987; Rowland 1994). To create robust 
understandings of past cultural activities, there needs to be confidence in the methods 
applied to limit potential biases. The current use of conventional recovery methods 
(Appendix A) limits confidence in interpretations, however, the application of methods 
recommended in this research for recovery and quantification of shellfish remains has 
the potential to create a more robust and reliable database for the investigation of past 
human behaviours. 
 
Directions for Future Research 
The techniques developed in this study for the recovery and analysis of shellfish 
remains should be applied to a broad range of archaeological sites to test the efficiency 
of these methods on other shell taxa commonly recovered in Australia (Appendix B and 
C). To understand how the application of different quantification techniques can affect 
the interpretation of an assemblage also requires further analysis, specifically relating to 
how the mechanical properties of faunal remains affect fragmentation rates and how this 
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may bias certain quantification methods. An exploration of other possible methods for 
quantifying data such as pairing valves and expanding on methods of morphometric 
analysis (e.g. Kent 1992) as well as investigations into gastropods, which are 
understudied, may also help in understanding the shell distribution through a site and 
the size of shells being targeted for consumption. Further testing, along the lines of 
Zuschin and Stanton (2001), Currey and Taylor (1974), Currey (1976) and Taylor and 
Layman (1972) who examine mechanical properties of shell (e.g. structure and strength) 
would enhance the understanding of Australian shellfish behaviour in terms of pre- and 
post-depositional factors. Such tests could be conducted by collecting live samples of 
taxa commonly found on the coastline as well as in archaeological sites and then 
subjecting the samples to a variety of experiments to test strength, fragmentation 
patterns, microanalysis of the structures and the stress of sieving methods. A common 
complaint with the use of the smaller sieve size is the time involved to sort the extra 
material. Since it has been proved that smaller sieve sizes produce significant extra 
information, there is now the possibility to conduct experiments similar to Ross and 
Duffy (2000) where the use of a 1mm sieve on fishbone resulted in decreased sorting 
time with little information loss. These directions for future research cover a range of 
areas in order to further enhance the understanding of shellfish remains in 
archaeological deposits. 
 
Conclusion 
Numerous archaeological sites containing shellfish remains have been excavated around 
the Australian coast and contribute to our understanding of past cultural behaviour and 
environmental change. Results of this study demonstrate that we have a poor 
understanding of the impact of recovery and quantification methods on archaeological 
data. Large sieve sizes commonly used in the recovery and quantification of shellfish 
remains are inadequate for accurate characterisation of shellfish assemblages. This 
study demonstrates that it is only through the use of smaller sieve sizes (e.g. 3.15mm) 
and a range of quantification measures that accurate and comparable results can be 
achieved. Coupled with an appreciation of variability in shell morphology and more 
sophisticated understandings of shell taphonomy, these findings provide a basis for 
standardising techniques for the recovery and analysis of shellfish remains.  
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Appendix A: Recovery and Quantification Methods Employed at Selected Australian Shell-Bearing  
 
No. Site State Sieve Size Used (mm) Sieve Size Measure of Abundance Yr Author 
   3 5 6 10 Other Analysed(mm) MNI NISP Wt Meat Wt Pub.  
1 Border Island 1 QLD X     3 X  X X 2004 Barker 
2 Cave Bay Cave TAS X X   1, 4, 12 1, 3, 4, 12 X   X 1984 Bowdler   
3 Clubucca NSW     N/A -   X  1998 Knuckey 
4 Disaster Bay Trench 1 NSW    X  10   X  1997 Colley   
5 Disaster Bay Trench 2 NSW  X   1 5   X  1997 Colley   
6 Disaster Bay Trench 2 NSW    X  10   X  1997 Colley   
7 First Ridge Sites QLD X  X   3, 6 X  X  1984 Robins   
8 Goala Shell Mound WA X  X   6 X    1999 Veitch    
9 High Cliffy Shelter WA   X   6   X  1999 O'Connor   
10 Hope Inlet 81 NT     6.4, 3.2 - X  X  2004 Bourke 
11 Hope Island QLD X     3 X    1987 Walters et al.        
12 Idayu WA X  X   6 X  X  1999 Veitch    
13 Koolan Shelter WA X  X   -   X  1999 O'Connor   
14 Louisa River TAS   X   - X  X  1984 Vanderwal & Horton 
15 Louisa River Cave TAS X  X   - X  X  1984 Vanderwal & Horton  
16 Maroochy River Mouth QLD     N/A - X  X X 1989 McNiven     
17 Mort Creek Site Complex QLD X  X   3, 6 X    1999 Carter et al. 
18 Nara Inlet 1 QLD X     3 X    1989 Barker 
19 Pambula Lakes NSW  X   2, 8 2, 5, 8 X  X  1984 Sullivan    
20 Pancake Creek Site Complex QLD X     3 X X X  2004 Ulm 
21 Sandstone Point QLD X     3 X  X  1986 Nolan 
22 Seven Mile Creek Mound QLD X     3 X X X  2004 Ulm 
23 Stinker Bay - X     - X  X X 1986 Gaughwin & Brennan    
24 Tea Gardens NSW  X  X  5, 10 X  X  1999 Hughes & Sullivan       
25 Teewah Beach 26 QLD X     3 X  X  1991 McNiven 
26 Tin Can Bay QLD X     - X  X  1991 McNiven 
27 Toulkerrie QLD X     3 X  X  1989 Hall & Bowen      
28 Waddy Point 1 Rockshelter QLD X    1 3   X  2002 McNiven et al. 
29 Widgingarri Shelter WA X     3   X  1999 O'Connor   
30 Wombah NSW     6.4 6.4     1982 McBryde      
31 Wundadjingangnari WA X  X   3, 6 X    1999 Veitch    
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Appendix B: Key Gastropod Taxa Recovered from Selected Australian Shell Assemblages 
 
No. Site/s Littorinidae 
(Winkles) 
Naticidae 
(Moon Snails) 
Neritidae 
(Nerites) 
Patelloidea 
Fissurellide 
(Limpets) 
Potamididae  
Baltillariidae  
(Mud Creepers) 
Trochidae 
(Top Shells) 
Turbanidae 
(Tuban Shells) 
1 Border Island 1   X   X X 
2 Cave Bay Cave X   X X X X 
3 Clubucca     X   
4 Disaster Bay Trench 1 X  X X X X X 
5 Disaster Bay Trench 2 X  X X X X X 
6 Disaster Bay Trench 2 X  X X X X X 
7 First Ridge Sites        
8 Goala Shell Mound   X  X   
9 High Cliffy Shelter X    X X X 
10 Hope Inlet 81   X  X   
11 Hope Island     X   
12 Idayu   X  X  X 
13 Koolan Shelter X  X  X X X 
14 Louisa River       X 
15 Louisa River Cave       X 
16 Maroochy River Mouth     X   
17 Mort Creek Site Complex   X  X   
18 Nara Inlet 1   X  X X X 
19 Pambula Lakes     X   
20 Pancake Creek Site Complex     X   
21 Sandstone Point     X   
22 Seven Mile Creek Mound   X  X   
23 Stinker Bay X  X X X X X 
24 Tea Gardens X    X X  
25 Teewah Beach 26  X      
26 Tin Can Bay X X X X X   
27 Toulkerrie  X   X   
28 Waddy Point 1 Rockshelter  X X X    
29 Widgingarri Shelter X  X  X X X 
30 Wombah X    X X  
31 Wundadjingangnari   X  X   
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Appendix C: Key Bivalve Taxa Recovered from Selected Australian Shell Assemblages 
 
No. Site/s Arcidae
(Ark 
Shells) 
Donacidae
(Wedge 
Shells) 
Haliotidae
(Abalone) 
Isognomonidae
(Toothed Pearl 
Shells) 
Mytilidae
(Mussel) 
Ostreidae
(Oyster) 
Polyplacophora
(Chitons) 
Psammobiidae 
and Veneridae 
(Sunset and 
Venus Clams) 
Pteriidae 
(Pearl 
Oysters) 
1 Border Island 1    X X X X  X 
2 Cave Bay Cave   X  X     
3 Clubucca X X    X    
4 Disaster Bay Trench 1 X  X  X X X X  
5 Disaster Bay Trench 2 X  X  X X X X  
6 Disaster Bay Trench 2 X  X  X X X X  
7 First Ridge Sites  X        
8 Goala Shell Mound X      X X X 
9 High Cliffy Shelter      X X   
10 Hope Inlet 81 X     X    
11 Hope Island X X   X X    
12 Idayu X       X X 
13 Koolan Shelter      X X X X 
14 Louisa River   X  X     
15 Louisa River Cave   X  X     
16 Maroochy River Mouth X     X    
17 Mort Creek Site Complex X    X X    
18 Nara Inlet 1    X X X X X  
19 Pambula Lakes X    X X    
20 Pancake Creek Site Complex X     X    
21 Sandstone Point X    X X    
22 Seven Mile Creek Mound X    X X   X 
23 Stinker Bay   X  X X X X  
24 Tea Gardens X X    X    
25 Teewah Beach 26 X X        
26 Tin Can Bay X     X    
27 Toulkerrie X X    X    
28 Waddy Point 1 Rockshelter  X   X X    
29 Widgingarri Shelter X     X X X X 
30 Wombah          
31 Wundadjingangnari X        X 
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Appendix D: Summary of Repeated Measures Analysis of Variance (ANOVA) 
Results (shaded cells indicate statistically significant difference) 
 
Species 10mm-3.15mm 10mm-6.3mm 6.3mm-3.15mm 
 
Quantification 
Method df F 
value 
Sig. df F value Sig. df F value Sig. 
A. trapezia Weight 1 9.966 0.007 1 7.606 0.015 1 8.787 0.010
 MNI 1 1.000 0.329 1 - - 1 1.000 0.329
 NISP 1 8.545 0.010 1 7.091 0.015 1 7.507 0.015
T. hirsutus Weight 1 203.51
2
0.000 1 247.566 0.000 1 87.955 0.000
 MNI 1 33.542 0.000 1 37.692 0.000 1 22.262 0.000
 NISP 1 55.535 0.000 1 131.578 0.000 1 47.186 0.000
S. glomerata Weight 1 104.40
1
0.000 1 130.495 0.000 1 77.579 0.000
 MNI 1 35.556 0.000 1 27.967 0.000 1 25.588 0.000
 NISP 1 52.981 0.000 1 63.461 0.000 1 49.827 0.000
P. ebeninus Weight 1 5.409 0.034 1 5.157 0.038 1 5.111 0.039
 MNI 1 - - 1 - - 1 - - 
 NISP 1 5.560 0.032 1 5.056 0.040 1 5.384 0.035
D. deltoides Weight 1 5.531 0.100 1 3.847 0.145 1 0.082 6.645
 MNI 1 22.546 0.018 1 21.146 0.019 1 5.172 0.107
 NISP 1 6.458 0.085 1 3.991 0.140 1 6.473 0.084
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Appendix E: Rank Order of Species from Sandstone Point and Seven Mile Creek 
Mound 
 
 
Table E.1 Rank Order of species from Sandstone Point and Seven Mile Creek Mound. 
10mm 6.3mm 3.15mm Species 
Weight MNI NISP Weight MNI NISP Weight MNI NISP 
A. trapezia 3 3 3 3 3 3 3 3 4
T. hirsutus 2 2 2 2 2 2 2 2 2
S. glomerata 1 1 1 1 1 1 1 1 1
P. ebeninus 4 4 4 4 4 4 4 4 3
 
 
Table E.2 Percentage of the total of individual species represented in Sandstone Point and Seven Mile 
Creek Mound. 
10mm 6.3mm 3.15mm Species 
Weight MNI NISP Weight MNI NISP Weight MNI NISP 
A. trapezia 7.4 4.9 1.8 7.1 4.1 1.6 6.6 3.3 0.8
T. hirsutus 12.6 30.6 28.4 13.7 33.5 29.0 14.6 31.8 26.8
S. glomerata 73.9 60.5 68.8 73.4 59.1 68.3 73.3 62.4 71.4
P. ebeninus 6.1 4.0 1.0 5.8 3.3 1.1 5.5 2.5 1.0
 
 
Table E.3 Original cumulative data of individual species from Sandstone Point and Seven Mile Creek 
Mound. 
10mm 6.3mm 3.15mm Species 
Weight MNI NISP Weight MNI NISP Weight MNI NISP 
A. trapezia 403.4246 25 85 414.1031 25 108 418.2658 26 147
T. hirsutus 685.0641 155 1375 794.3014 204 1909 918.0491 254 5041
S. glomerata 4025.6593 306 3335 4268.3695 360 4502 4623.2553 498 13401
P. ebeninus 331.1574 20 50 339.3491 20 72 349.2753 20 191
 
